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Preface

Today, individuals have greater access to information about their
health than ever before (Randeree, 2009; Eysenbach, 2008). Much of this
change is due, in large part, to advances in biotechnology and the sequenc-
ing of the human genome (Manolio & Collins, 2009). It is now possible,
for example, for individuals to log onto the Internet and, for a fee of sev-
eral hundred dollars, order an at-home DNA collection kit and have the
results of a myriad of genetic tests delivered directly to their e-mail inbox
(Gurwitz & Bregman-Eschet, 2009). In some cases, these test results may
indicate personal risk for common chronic diseases, such as certain forms
of cancer, diabetes, cardiovascular disease, and several others. Companies
marketing these test kits often claim that promoting greater access to
and awareness of the association between genes and health, and one’s
genetic susceptibilities to disease, leads to more proactive and insight-
ful methods of individual health management (Hogarth, Javitt, & Melzer,
2008). Moreover, it is consistent with an emerging trend in medicine -
that of consumer-oriented medicine — which places health information
tools directly in the hands of patients under the premise of fostering better
patient-provider collaboration (Silvestre, Sue, & Allen, 2009).

Though the principles behind this direct-to-consumer approach to
genetics seem laudable and perhaps even exciting, there is consider-
able controversy as to what, if any, utility the information actually holds
(Geransar & Einsiedel, 2008; Wasson, Cook, & Helzlsouer, 2006). Unlike
genetic tests that are diagnostic (e.g., chromosome analysis for Down syn-
drome) or highly predictive (e.g., BRCA1 and BRCAZ2 testing for hereditary
breast-ovarian cancer risk), this new wave of presymptomatic predictive
genetic tests for common disease yields results that are much more uncer-
tain because the statistical models on which they are presently based are
imperfect and with limited data (Ng, Murray, Levy, & Venter, 2009).

The above scenario raises many questions for today’s health-care con-
sumers. For example, for whom is this information applicable, and for
what populations or subpopulations is it not? Under what circumstances
might this information be useful, and when should it be disregarded as
irrelevant? And perhaps most importantly, what, if anything, can be done
in light of information about personal genetic risk to effectively lower the
odds of becoming sick and raise the odds of staying healthy?

vii
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Because the prevalence of most diseases varies as a function of age,
gender, race/ethnicity, and other personal characteristics, answers to
these questions are complex and many are just beginning to be under-
stood (Khoury et al., 2009). Some experts have concluded that the answers
to such questions remain out of reach at the present time and may con-
tinue to be elusive for another 5-10 years (Frazer, Murray, Schork, &
Topol, 2009). Yet, twenty-first century health-care consumers, providers,
and policy makers face these choices now about incorporating personal
genetic information into health management and often do so without a
complete and accurate understanding of the potential impact of their
decisions on multiple levels (Carlson, 2009).

As a society, we are just beginning to come to terms with how informa-
tion from the revolution in genetics affects the health and well-being of the
population (Ozdemir et al., 2009; Kunstmann & Epplen, 2006) and that of
its most valuable resource — our children (Duncan, Savulescu, Gillam,
Williamson, & Delatycki, 2005). In many respects, the above scenario
captures an ongoing tension in genetics at present — one resting at the
nexus of biotechnology, human genome science, and our ability to safely
and effectively deploy and translate the results of genetic tests for indi-
viduals in full scope of their meaning to human health (Editorial, 2008;
Kaiser, 2007). Traditionally, this latter role was performed through the
health-care system by professionals trained and board-certified in med-
ical genetics or genetic counseling. As genetic testing proliferates both
within and outside of the health-care environment, it challenges tradi-
tional models of genetic health-care delivery and calls for a means to
respond to this reality (Deverka, Doksum, & Carlson, 2007; Woodcock,
2007).

Though we do not yet know how rapidly this change will take place,
or what form it may eventually assume, it is reasonable to anticipate that
change is coming. Genetic testing is no longer confined, for example, to the
realm of obstetrics and the choices that pregnant couples face when learn-
ing about the well-being of their unborn child. Likewise, it is no longer
confined to pediatrics, the diagnosis and care of children with very rare
diseases, and the coping experiences of parents who may have passed on
disease-conferring risks to offspring. Today, genetics is part of virtually all
medical specialties, particularly those involved in delivering primary care
services to patients (Baird et al., 2009).

This emerging paradigm shift in the way that individuals may access
genetic information (e.g., in clinical settings or online), and choose to
interact with it (e.g., with or without the guidance of a qualified health-
care professional), serves as an important referent point for this volume.
Simultaneously, this is a landmark era of opportunity for social and
behavioral scientists to help translate basic science discoveries from the
genetics lab into better patient care and improved health outcomes for
all (Patenaude, Guttmacher, & Collins, 2002), including young people
(Tercyak, 2009; McBride & Guttmacher, 2009). It is also a time to examine
robust and interrelated sets of questions surrounding which individuals
might be interested in learning information about their personal genetic
risk for disease, how individuals process and understand genetic risk
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information, and (most importantly) how they may change their health
behaviors in response to such news (McBride et al., 2008).

Health psychology, or psychology’s contribution to the interdisci-
plinary fields of behavioral and preventive medicine, is often aligned with
the activities of primary care (Kessler, 2009). At its core, health psychology
advances knowledge and understanding about the relationship between
behavior and health, health promotion, and disease prevention (Sallis,
Owen, & Fotheringham, 2000). As a discipline, health psychology has
been translating the genetic aspects of behavior-disease relationships to
health for more than a decade (Plomin, 1998; Lerman, Croyle, Tercyak, &
Hamann, 2002). Health psychology often works alongside other medi-
cal and public health specialties to further the pursuit of knowledge
in this area, most notably with those working in the domains of gene-
behavior relationships and gene-health relationships. Together, these and
other disciplines have helped to solidify and redefine a biopsychosocial
model of medicine by integrating the social, psychological, and behav-
ioral dimensions of health and health care (Engel, 1977; McClearn, 2004)
with a new and emerging emphasis on genetics and personalized medicine
(see Figure 1).

Health Psychology

BEHAVIOR

Biopsychosocial Model &
Personalized Medicine

Behavioral &
Psychiatric Genetics

Epidemiology &
Medical Genetics

Figure 1. Interrelationships among the study of genes, behavior, and health.

Personalized medicine (also called systems medicine) has been defined
as the application of molecular genetic information to health-care, with
the goal of tailoring medicine to better meet the needs of given individuals
(Janssens & van Duijn, 2008). Endeavors subsumed under the rubric of
personalized medicine are numerous and include predictive genetic tests
to identify persons at risk of developing certain health conditions, preven-
tive therapies that are specific to this risk profile to help reduce it, and
evidence-based approaches that are most likely to be successful in treat-
ing disease states that are based on risk analyses (Janssens & van Duijn,
2008).
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One of the greatest and most anticipated potentials for personalized
medicine is its impact on the prevention of disease states, especially
when carried out among unaffected, healthy individuals (Kawamoto,
Lobach, Willard, & Ginsburg, 2009). If one follows a personalized medicine
approach incorporating predictive genetic testing to its logical conclu-
sion, then primary prevention of disease before any signs of that disease
may emerge is a highly laudable goal. Though there has been progress
toward reaching this outcome, significant hurdles in medical education
and health-care policy remain (Federoff & Gostin, 2009). Few health-care
providers are well trained, for example, in behaviorally based approaches
to disease prevention, and there is often too little time and incentive for
providers to make prevention more of a priority (Pollak et al., 2008). There
is currently thin evidence that incorporating the results of genetic tests
and other biomarkers of potential harms to health into prevention-based
health-care messages motivates or produces stronger or longer lasting
behavior change (McClure, 2001). In light of this, some have questioned
the wisdom of this approach over more traditional and effective forms of
risk assessment (e.g., taking a detailed family health history) and noted
the value of more integrated perspectives within primary care (Gartner,
Barendregt, & Hall, 2009; Rich et al., 2004).

A majority of the work in personalizing medicine takes place with a
focus on adults. For example, there has been a proliferation of genetic tests
that may be used in the identification of adult cancer risks (e.g., BRCA1
and BRCAZ2 mutations) (Willey & Cocilovo, 2007; Arsanious, Bjarnason, &
Yousef, 2009) and likely response to chemotherapy and other treatment
regimens (e.g., genetic tumor profiling) (Slodkowska & Ross, 2009). Yet, we
are reminded that much of the history of genetics in medicine is focused
on the health and well-being of children, adolescents, and their families
(Rimoin & Hirschhorn, 2004). We are also reminded of the special con-
siderations that must take place anytime that children and adolescents
are involved in therapeutic and nontherapeutic clinical trials, and that
this can impact the pace of discovery in pediatrics (Wendler & Forster,
2004). Within the context of personalized medicine approaches to health
and health-care, and its focus on primary prevention, far more work is
needed to help translate these results to children. Though there are some
promising steps forward in childhood cancer (Rabin, Man, & Lau, 2008),
asthma (Koster et al., 2009), epilepsy (Glauser, 2002), and psychiatry
(Stein & McGough, 2008), more are needed (Leeder, 2003). The dispar-
ities in personalized medicine research taking place with and for adults
relative to similar work taking place with and for children and adolescents
are striking.

Perhaps one way to help advance this conversation might be to adopt
more of a lifespan perspective on health (commonly used in the field of
developmental psychology) to facilitate our understanding of variations
and nuances in the timing and onset of disease processes (Eaton, 2002;
Tercyak, 2008): the National Children’s Study is but one example of this
perspective (Branum et al., 2003). Though such works take many years
to accomplish, the potential benefits to society that result from explo-
ration of chains of biological and environmental processes (e.g., epigenetic
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processes), and the importance of early-life experiences in the program-
ming of adult health, are substantial (Solomons, 2009; Wadhwa, Buss,
Entringer, & Swanson, 2009). These experiences include the family envi-
ronment in which children are raised, the quality of the health-care
received pre- and post-natally, the diet, the physical activity, and other
lifestyle behaviors established early on that may track into adulthood,
and the decisions and actions that children, adolescents, and their fam-
ilies take that promote or compromise both short- and long-term health
outcomes (Shonkoff, Boyce, & McEwen, 2009). When considered in con-
junction with genetics and the results of genetic tests, these factors may
someday bring us a step closer to realizing the potential of personalized
medicine for young people (Arnold & Jones, 2009; Balistreri & Helton,
2009). The results of large-scale gene sequencing efforts answering fun-
damental questions about the heritability of common disease will further
drive this discovery process (Maher, 2008).

Thus, it is timely to reflect on the state of the science in health psy-
chology and related disciplines that are concerned with translations and
linkages among genes, behavior, and health and, specifically, the impact
of the rapid emergence of such data for children, adolescents, and their
families. In doing so, it is important to keep in mind continuity and dis-
continuity in the use of the terms “genetic” and “genomic” as typically
encountered in the literature. Defined, genetics usually refers to the study
of single genes and their impact on health. Genomics, by contrast, refers
to the study of all genes and the interactions of genes with other genes
and the environment to impact health. Both genetics and genomics are
important to the discourse on this topic, as single genes, multiple genes,
and their interaction with the environment hold meaning for healthy
development among families.
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Introduction

This handbook is divided into four major parts, each containing origi-
nal chapters authored by leading scientists and practitioners in their fields
of study. The topics of these chapters were carefully selected. All seek to
provide the reader with a comprehensive understanding of how the health
and quality of life of children, adolescents, and their families may influence
and be influenced by rapid developments transpiring in medical genetics
and genomics.

The book begins with an introduction to genome health science. These
chapters seek to educate the reader about foundational issues in human
genetics and genomics, including how understanding the pattern and
prevalence of diseases in childhood is enriched by knowledge of genetic
and genomic substrates. Importantly, these chapters lay the foundation
for recognizing and interpreting the manner in which modifiable factors,
such as environment and behavior, interact with genes to affect child and
adolescent health.

The book’s next part seeks to address broad, cross-cutting issues that
surround advanced knowledge of genetics and genomics with attention
to the provision of services that can help meet the needs of families.
The questions taken up in this part necessarily reflect family-centered
perspectives, as families are often the cornerstones of clinical genetics.
These chapters explore details of how one can, for example, conceptual-
ize families as interconnected sets of individuals interacting with genetic
information on varying levels and at varying points throughout the family
life cycle. By promoting the reader’s understanding of competing forces
acting on families’ behaviors and the role of family behavior on genetic
information-seeking, the chapters shape key processes in education and
counseling about genes and health. It is necessary to recognize that ser-
vice provision in genetics and genomics includes, but is not limited to,
traditional clinical encounters. The chapter authors acknowledge some
community-based perspectives as well, recognizing recent paradigm shifts
toward incorporating genetics and genomics into public health. Over time,
the context in which children, adolescents, and their families will interact
with genetic health information is expected to grow. Preparing the next
generation of social and behavioral scientists and heath-care clinicians to
operate more effectively within these contexts is essential.

xxi
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A significant portion of this book covers contemporary issues related
to what is known about the role of genetics and genomics in health and
disease. The third part of the book adopts a primarily disease-focused
orientation toward that discussion, covering some of the leading health
conditions affecting young people. This includes genetic diseases and
genetic disease risks that may be present at the earliest stages of life,
as well as those that emerge throughout childhood and beyond. Given
the widespread prevalence of many of these diseases in our society (e.g.,
diabetes, obesity, and cardiovascular disease) and the important role that
lifestyle behaviors play in prevention, an understanding of the interplay
between genetic risk and environmental factors mediating that risk is
essential to positive outcomes. Among the outcomes that these chap-
ters consider are family members’ social and behavioral responses to
knowledge about the genetic origins of health and disease and potential
consequences (both positive and negative) that can be associated with that
understanding. In many cases, the full implications of such knowledge
for children and families have yet to be well-documented. Nevertheless,
these chapters serve as reminders of how vital it is to continue to generate
new insights to close that gap through social and behavioral investigation,
laying the groundwork for improved translation into pediatric medicine.

And finally, this book addresses frontier-like issues surfacing in the
wake of the genetics and genomics revolution in health. This is a diverse
range of topics, including attention to how the discovery of molecular
markers of disease risk and disease progression can inform both the
prevention and the treatment of childhood health conditions. Doing so
necessarily requires a thorough understanding of ethical, legal, social, and
policy frameworks and implications of any such progress. Their mean-
ing to children, adolescents, and families warrants special consideration,
including considering issues such as cognitive capacity to participate in
research and clinical endeavors involving genetic and genomic testing,
decisional capacity and the legal standing of minors and their parents as
legal representatives and caretakers, and the adequacy of protections and
safeguards against numerous forms of harm. Like most complex issues,
input from stakeholders with diverse backgrounds and perspectives could
lead to more well-informed solutions. The enactment of these solutions
will require a cadre of highly versatile practitioners operating across tra-
ditional professional boundaries. Toward that end, the book closes with
a discussion of training and collaboration in the field of psychology and
the role of the social and behavioral sciences more generally in the use of
genetic and genomic information to benefit pediatric medicine and public
health.
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1

Key Concepts in Human
Genomics and Epidemiology

OFFIE P. SOLDIN and CHRISTOPHER
A. LOFFREDO

INTRODUCTION

Every expectant parent hopes for a healthy newborn infant and wants
their baby to grow up healthy and happy. When serious child health
problems become apparent, it is natural to ask why: What could have hap-
pened? Could this have been prevented? What caused this? Depending
on the nature of the problem, suspicion may come to rest initially on
prenatal exposures and environmental factors, and indeed for centuries
this was the only available avenue of inquiry. It has been well known, for
example, that heavy alcohol use during pregnancy could lead to the birth
of an infant with deficient growth and mental development (US Cancer
Statistics Working Group, 2003; Warner & Rosett, 1975). It was also com-
monly observed that some health problems “run in families,” but until
the discovery of DNA in the middle twentieth century, and the genomics
revolution in later decades, the tools for investigating genetic causes of dis-
ease were limited. The discovery of molecular genetic methods of analysis
subsequently revolutionized the understanding of human disease at the
most fundamental level of cells and cellular processes, thereby opening
the door to studies designed to uncover the ultimate causes of childhood
health problems.

Fortuitously, the revolution in genomics coincided with the matura-
tion of epidemiology as a research discipline. Epidemiology, the branch
of health science concerned with identifying risk and protective factors
and preventing diseases in populations, was quick to embrace the tools of
modern genetics in addressing problems of child health and development.
Unlike clinical medicine, which uses many of the same tools in the care
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of a single patient and family, epidemiology compares groups of people,
hoping to identify factors related to the presence or absence of disease or
health problems.

It is another fortuitous accident of history that, at the same time
that genetics and epidemiology were developing, awareness of the spe-
cial vulnerability of fetal development came to light. Before this time it
was widely believed that the developing human fetus was largely invul-
nerable to disruption, especially from environmental factors other than
alcohol. However, the twentieth century witnessed an unfortunate series
of disastrous “epidemics” of birth defects that affected whole communities
and vulnerable groups rather than isolated families, which had as their
cause indisputably toxic prenatal environmental exposures. Examples
include severe neurological impairments caused by the dumping of mer-
cury into Minamata Bay, Japan (Koos & Longo, 1976; US Cancer Statistics
Working Group, 2003), and birth defects caused by exposures of preg-
nant women to the medications thalidomide (Schardein, 1993; US Cancer
Statistics Working Group, 2003) and isotretinoin (Lammer et al., 1985; US
Cancer Statistics Working Group, 2003). These outbreaks of birth defects
forever shattered the myth of the invulnerable fetus and ushered in a
new era of research and a new discipline of teratology. Teratology is the
study of the causes and biological processes associated with abnormal
development and congenital malformations, including genetic and envi-
ronmental causes of human birth defects and other health issues in child
development.

As these new fields of research - genomics, epidemiology, and
teratology — expanded and generated new knowledge of the causes of child-
hood health problems in the population, it soon became clear that, in the
vast majority of individual children and their specific health conditions,
neither genetic nor environmental causes alone could explain the majority
of individual disease occurrences. Stated another way, a widespread view
developed that genetic and environmental factors must in some way come
together, or interact, to explain most cases of disease.

One way to conceptualize this idea is to consider how environmen-
tal exposures affect a person in light of his or her own unique genetic
background, inherited from their biological parents. In this case, a per-
son with a susceptible or vulnerable genetic background might be more
likely to have an adverse health experience if he or she is exposed to a
harmful environment, in comparison to someone with a resistant genetic
background that protects the person in case of environmental expo-
sure. Figure 1 illustrates this key concept, termed “gene-environment
interaction.”

In this chapter, we will further develop some key concepts of genomics,
environment, and their interrelationships in child health and human
development. We will discuss the ways in which epidemiology incorpo-
rates both genes and environment into the search for the causes of disease
and how to prevent them from affecting growing children. These concepts
will be illustrated with examples from neural tube defects (NTD) and
childhood cancer. Finally, we will conclude by forecasting the impact of
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Genetic Health
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to strong
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Figure 1. Interactions of genetic and environmental factors in human health problems. This
figure illustrates the concept of “gene—-environment interaction.” If a person becomes exposed
to a potentially harmful environmental factor, his health effect may depend on his genetic
background. In the case of a susceptible background, such a person may experience health
problems as a result of the exposure, in contrast to a genetically resistant person who was
exposed to the same environmental factor but experiences little or no harm.

limited
or absent

resistant —_—

continued research and public health promotion resulting from applica-
tions in genomics and environmental health science to improve the human
condition.

THE HUMAN GENOME PROJECT

The Human Genome Project (HGP) is an international effort, led by
the United States’ National Institutes of Health (NIH) and Department of
Energy, to sequence and map all of the human genes. Deciphering all the
three billion bases of the human genome will be an incredible resource
that can help to identify the genes that can cause diseases in humans.
Since the completion of the HGP in April 2003, molecular geneticists have
been able to use the entire sequence of the human genome to identify and
explore the biochemical, pharmacogenetic, and phenotypic consequences
of human genetic variants, specifically those related to human disease
including behavioral disorders. Even before its completion, the HGP iden-
tified its first gene, the gene for cystic fibrosis, through positional cloning
in 1989 (Rannala, 2001; US Cancer Statistics Working Group, 2003).
Through its progress, the completion of the HGP has provided the tools
and high-throughput technology for genetic marker maps and physical
mapping, DNA sequencing and cloning (both in vivo and in vitro), and
gene identification (Slagboom & Meulenbelt, 2002; US Cancer Statistics
Working Group, 2003). The HGP has improved the understanding of the
molecular genetic basis of inherited and complex diseases such as dia-
betes, schizophrenia, and cancer (Sfar & Chouchane, 2008; US Cancer
Statistics Working Group, 2003). In addition, in an effort to learn more
about the interplay of genes and the role of biologically active regions of the
genome in maintaining health or causing disease, the HGP has sequenced
nearly 40 different species’ genomes, ranging from Caenorhabditis elegans
(C. elegans) and the opossum to the chimpanzee and orangutan (Kidd
et al., 2008; US Cancer Statistics Working Group, 2003). Furthermore,
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as part of the continued dedication to the HGP, researchers have com-
pleted ‘sequence annotations’ — the process of gathering all available
information and relating it to the sequence assembly — of all human chro-
mosomes (Gregory et al., 2006; Kidd et al., 2008; US Cancer Statistics
Working Group, 2003). Through integrated clone-based mapping in mul-
tiple human genomes, researchers have been able to identify structural
variation in the form of single nucleotide polymorphisms (SNPs), inser-
tions, and deletions (Kidd et al., 2008; US Cancer Statistics Working
Group, 2003). This clone-based framework provides a resource for recov-
ery and integration of various forms of genetic variation in the study of
disease association.

In addition to the discovery of the cystic fibrosis gene, researchers
have also identified single genes associated with a number of other con-
ditions, including Duchenne Muscular Dystrophy, myotonic dystrophy,
neurofibromatosis, and retinoblastoma (Nwanguma, 2003; Suzuki et al.,
2002; US Cancer Statistics Working Group, 2003). The number of iden-
tified human disease genes increased from 100 in 1990, when the HGP
was started, to 1,400 in 2003 (Nwanguma, 2003; US Cancer Statistics
Working Group, 2003). Furthermore, the HGP has helped catalyze the
development of predictive tests of human diseases, as well as diagnos-
tic tests that detect cancer and other health conditions earlier. Recently,
scientists from the Cancer Genome Atlas project completed the first suc-
cessful whole-genome sequencing of a cancer genome and its matched
normal genome using tumor and skin samples from a deceased, female
patient who had acute myeloid leukemia (AML) (Ley et al., 2008; US
Cancer Statistics Working Group, 2003). This new mapping technology
called ‘massively parallel sequencing’ represents a landmark achievement
in identifying specific gene pathways or mutations associated with dis-
ease. The new genomic tools have revolutionized biology and medicine, and
molecular geneticists have and will continue to utilize the tools developed
through the HGP to identify, help in prevention of, and develop therapies
for human diseases (Ley et al., 2008; US Cancer Statistics Working Group,
2003).

Several findings have led to the development of the hypothesis of
“developmental origins of adult health and disease” suggesting that start-
ing at conception, environmental factors, in particular maternal under-
nutrition, are instrumental in early life in programming of the risks for
adverse health outcomes in adult life, such as cardiovascular disease, obe-
sity, and the metabolic syndrome. Early physiological tradeoffs, including
activation of the fetal hypothalamo-pituitary-adrenal axis (HPA axis), and
the systems that maintain and regulate arterial blood pressure, confer
an early fitness advantage such as fetal survival, while incurring delayed
health costs (McMillen et al., 2008; US Cancer Statistics Working Group,
2003; Worthman & Kuzara, 2005).

A different field that is fast developing is epigenomics — the system-
atic genome-wide study of epigenetics, or the study of heritable changes
in gene expression caused by mechanisms other than changes in the
underlying DNA sequence, such as DNA methylation, histone modifica-
tions, and RNA-mediated gene silencing (Clark, 2007; Peedicayil, 2008;
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US Cancer Statistics Working Group, 2003). The National Institute of
Health Roadmap Epigenomics Program is a trans-NIH effort that aims
to understand the epigenetic processes that control genes during var-
ious stages of development (NIH, 2008). The central hypothesis of the
NIH Roadmap Epigenomics Program is that the origins of health and
susceptibility to disease are, in part, the result of epigenetic regula-
tion of the genetic blueprint (NIH, 2008). The hypothesis predicts that
epigenetic mechanisms that control stem cell differentiation and organ
formation contribute to the biological emergence of disease (Peedicayil,
2008). Building on the knowledge of the human genome, the program aims
to provide comprehensive reference epigenome maps as a tool for under-
standing and evaluating epigenetic regulation and how it relates to health
and disease (NIH, 2008). The information generated by the NIH Roadmap
Epigenomics Program is expected to provide an invaluable resource for
researchers investigating the biological processes and management of a
variety of human diseases (NIH, 2008; Peedicayil, 2006, 2008).

NEURAL TUBE DEFECTS

Neural tube defects (NTD) are brain and spinal cord birth defects.
This is a group of heterogenous and complex congenital anomalies of
the central nervous system (CNS), such as anencephaly, spina bifida, and
encephaloceles. NTD are among the most common structural birth defects,
surpassed in frequency only by congenital cardiovascular abnormalities.
NTD such as anencephaly and spina bifida result from failure of neural
tube closure during the early stages of embryonic development (Davies &
Duran, 2003). Anencephaly is characterized by incomplete closure of the
neural tube at the cranial end and subsequent loss of forebrain devel-
opment. The defect usually causes stillbirth, or death shortly after birth.
Failed closure at the caudal end of the developing neural tube results in
spina bifida, typically a non-lethal condition, but often one that is accom-
panied by profound impairments. These two diseases affect 1 out of every
1,000 births in the United States (Stevenson et al., 2000).

In humans, the neural tube closes (neurulation) during the first
trimester of pregnancy between the 17th and 30th post-fertilization days.
This implies that the process is completed before many women may
learn that they are pregnant. From a primary prevention standpoint,
supplementation with folic acid prior to pregnancy has been demon-
strated to reduce the risk of NTD (Czeizel & Dudas, 1992; US Food and
Drug Administration, 2000). Folates are members of the vitamin B family
involved in a large number of biochemical processes, particularly in the
metabolism of homocysteine into methionine (Figure 2).

Homocysteine, an amino acid absent in normal diets, is essential
for normal cellular growth, differentiation, and function. The reduction
of active folate is the important regulator of homocysteine (Hcy) lev-
els. Without active folate, hyperhomocysteinurea results, leading to a
toxic state for cellular development and function. Excess homocysteine
is associated with a variety of factors. These include genetic disorders
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Figure 2. The folate-vitamin B12-methionine metabolic pathway.

(abnormalities of methionine-homocysteine metabolism), cardiovascular
injury, and toxic effects on vascular endothelium and related disor-
ders (Eldibany & Caprini, 2007). Deficiencies of vitamins B6, B12, and
folic acid; a high meat diet; tobacco use; and other factors (D’Angelo
et al., 2000; Ramakrishnan, Sulochana, Lakshmi, Selvi, & Angayarkanni,
2006). Hyperhomocysteinemia is also associated with pre-eclampsia, pla-
cental abruption, recurrent fetal loss, intrauterine growth restriction,
intrauterine fetal death (Forges et al.,, 2007), NTD, congenital cardiac
malformations, and diseases of premature atherosclerosis and venous
thromboembolism, the so-called “cholesterol of XXI age” (Sztenc, 2004).

It has been shown that women who take medications known to be
folic acid antagonists increase their risk of having an NTD-affected child
by twofold. However, the remaining 30-50% of NTD cases that are not
prevented by adequate folic acid intake are still unexplained. Mothers
with normal levels of folic acid have given birth to NTD-affected chil-
dren and exhibited relatively high levels of homocysteine. Researchers
have suggested genetic variation in folic acid metabolism as a possible
explanation.

The Etiology of NTD Involves Environmental
and Genetic Factors

Despite years of intensive epidemiological, clinical, and experimental
research, the exact etiology of NTD remains rather complex and poorly
understood. It is thought that most NTD cases are multifactorial in ori-
gin, having a significant genetic component to their etiology that interacts
with a number of environmental risk factors (Frey & Hauser, 2003; Volcik
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et al., 2002). The development of the neural tube itself is a multi-step pro-
cess strictly controlled by genes and modulated by a host of environmental
factors. NTD are heterogenous in nature and in etiology; therefore the
pathogenetic mechanisms of CNS anomalies may result from different
target cell populations and different agents or exposures. NTD may also
result from gene-gene interactions and/or gene-environment interactions,
as explained below.

Genetic Causes of NTD

Compelling evidence for a genetic contribution to the causation of
NTD is the observation that NTD show familial aggregation, even though
they do not follow a strict classic, Mendelian pattern of genetic inheri-
tance. For example, recurrence risk for NTD in siblings of patients with
myelomeningocele is reported to range from 2 to 5% (Sebold et al.,
2005). The incidence of NTD among first- and second-degree relatives
of affected infants appears to be significantly higher than in the gen-
eral population. In addition, females and monozygotic twins appear to
be particularly prone to NTD (Windham & Sever, 1982). The prevalence
of having both encephalocele and anencephaly is increased in multiple
gestation births, whereas spina bifida is decreased in comparison to sin-
gletons, suggesting that multiples and singletons vary in their response
to etiologic factors and that there may be separate factors that influence
the development of each specific type of NTD. Animal studies indicate that
there are as many as 100 genetic alterations affecting neurulation and
almost all of them have homologs in humans (Juriloff & Harris, 2000;
Klootwijk, Schijvenaars, Mariman, & Franke, 2004). Spina bifida occurs
more frequently in autosomal trisomies.

Although NTD have been associated with several single gene disor-
ders (for example, cerebrocostomandibular syndrome, Fraser syndrome,
Meckel-Gruber syndrome, and Waardenburg syndrome), there is no sin-
gle gene known to be solely responsible for NTD in humans. This is due,
in part, to the paucity of families with several NTD-affected members,
the fact that perinatal mortality and morbidity of individuals with NTD
are profound, and with poor reproductive capabilities of affected survivors
(Davidoff, Petrini, Damus, Russell, & Mattison, 2002; Fedrick & Adelstein,
1976).

Anencephaly has been reported to be more prevalent in certain
communities with a high rate of consanguinity (Zlotogora, 1997), and
spontaneous abortuses with NTD have a significant association with chro-
mosomal aberrations, suggesting a genetic component to their etiology
(Coerdt et al., 1997; Seller, 1995; Sepulveda et al., 2004) and providing
additional evidence for a genetic basis for NTD. Furthermore, a signifi-
cantly higher spontaneous abortion rate (48%) in the preceding pregnancy
was found in a group of newborns with NTD group compared to a compar-
ison group with other birth defects (20%) (Carmi, Gohar, Meizner, & Katz,
1994). Despite the declining prevalence rates of NTD in many parts of the
world, there seems to be no decline in NTD recurrence within affected
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families (Czeizel & Metneki, 1984; Papp et al., 1997), suggesting a strong
genetic load in these affected individuals.

The recurrent risk for anencephaly in siblings ranges from 2 to 5%,
much lower than the 25-50% expected under classic Mendelian recessive
and dominant inheritance, respectively. However, there are some studies
that report anencephaly involving autosomal recessive genes, with some
environmental influence (Shaffer, Marazita, Bodurtha, Newlin, & Nance,
1990; Zlotogora, 1995). The timing and nature of such influence might
explain why a significant number of recurrences involve a NTD pheno-
type that is different from the case phenotype. However, an autosomal
dominant gene has been implicated in a familial aggregation of spina
bifida occulta (Fineman et al., 1982). Further studies involving larger
affected populations are required before some meaningful conclusions can
be drawn on the heritability of open NTD.

As noted previously, twinning appears to be associated with a signif-
icant increase in NTD relative to the general population (Windham et al.,
1982). An increased frequency of twinning is noted in the near relatives of
those with upper level NTD. Conversely, NTD families with twins have a
higher rate of NTD siblings than do families without twins (Garabedian
& Fraser, 1994). Monozygotic twinning is more frequently concordant
for congenital anomalies than dizygotic twinning (Windham et al., 1982).
Some genetic as well as environmental factors are thought to make NTD
families more susceptible to twinning, but this remains poorly understood
(Garabedian & Fraser, 1994).

Interrelationship of Folic Acid and Genetics in NTD

Genetic studies of NTD have focused mainly on folate-related genes,
based on the finding that folic acid supplementation prior to conception
and perinatally reduces the risk of NTD. The metabolism of folate (folic
acid’s conjugate base) is an important process in the cell. Folate is
both a methyl group donor and methyl group acceptor. The enzyme
5,10-methylenetetrahydrofolate reductase (MTHFR) plays an important
role in the metabolism of folic acid. Specifically, MTHFR irreversibly
reduces 5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate
(5-MeTHF) (Jacques et al., 1996). The latter compound is an impor-
tant cofactor involved in the conversion of homocysteine to methionine
by methionine synthase. A reaction of methionine and ATP results in
S-adenosylmethionine, which is the principle methyl group donor in
cells (Figure 2). S-Adenosylmethionine is responsible for the methy-
lation of DNA (regulating gene expression), proteins (important in
post-translational modification), and lipids (important in their synthesis),
meaning that the formation of S-adenosylmethionine from folate is critical
for cell function. The loss of a methyl group from S-adenosylmethionine
forms S-adenosylhomocysteine, which is a strong inhibitor of most
methyltransferases.

During the metabolic cycle S-adenosylhomocysteine is then converted
into homocysteine and adenosine. The resulting homocysteine is avail-
able for methylation by 5-MeTHF, which restarts the cycle. Insufficient



KEY CONCEPTS IN HUMAN GENOMICS AND EPIDEMIOLOGY 11

amounts of 5-MeTHF in the cell can lead to an accumulation of homo-
cysteine. This, in turn, can tip the equilibrium of metabolites in favor of
S-adenosylhomocysteine which can cause dysregulation of gene expres-
sion, protein function, and lipid and neurotransmitter metabolism.

Alterations in MTHFR may be responsible for some cases of NTD. The
alteration occurs in DNA basepair 677 and is characterized by the sub-
stitution of a thymine (T) in place of the normal cytosine (C) nucleic acid.
The resulting enzyme has decreased activity causing hyperhomocysteine-
mia. High levels of homocysteine in pregnant women have been associated
with NTD-affected children. Meta-analytic studies of the link between the
MTHFR 677C>T polymorphism and NTD have found that there is upwards
of 60% excess risk for NTD when the mother is homozygous for the 677C>T
variant (677TT) and a 10% excess risk for NTD when the mother is het-
erozygous for the 677C>T variant (677CT). Furthermore, the summary
analysis described a 90% excess risk for NTD when the child is homozy-
gous for the 677C>T variant (677TT) and a 30% excess risk for NTD when
the child is heterozygous for the 677C>T variant (677CT).

A reduction in MTHFR activity by specific gene mutations (inducing
hyperhomocysteinemia) has also been shown to be a risk factor for vascu-
lar thrombotic events, including coronary artery disease (Almawi, Ameen,
Tamim, Finan, & Irani-Hakime, 2004; Graham et al., 1997). While several
mutations within it were described, the best-characterized MTHFR gene
polymorphisms are the C677T (Frosst et al., 1995) and the glutamate-
to-alanine A1298C (van der Put et al., 1998) missense mutations. While
both SNPs induce milder forms of MTHFR deficiency (Chango et al., 2000;
Forrest, Horsley, Roberts, & Barrow, 1995), the A1298C SNP, located in
the enzyme regulatory domain (unlike the C677T SNP which is found
within the enzyme catalytic domain), does not result in either a thermo-
labile protein or increased total plasma Hcy (Friso et al., 2002; Hanson,
Aras, Yang, & Tsai, 2001). Interestingly, 677CT/1298AC compound het-
erozygosity reportedly has similar clinical impact as C677T homozygosity
(Chango et al., 2000; Chen, Xia, Rodriguez-Gueant, Bigard, & Gueant,
2005). Recent evidence suggests an association between the MTHFR SNP
C677T and A1298C and head, neck, and lung cancer, as well as gas-
tric cancer (Boccia et al., 2008; Boccia et al.,, 2009). These findings
suggest that folate and methionine metabolism play important roles in
carcinogenesis (Kamel, Moussa, Ebid, Bu, & Bhatia, 2007).

The “methylation hypothesis” is based on findings across numer-
ous studies proposing a mechanism that explains the connection
between folate, MTHFR, and NTDs. MTHFR provides methyl groups via
S-adenosylmethionine to methylation reactions at the expense of purine
and thymidine synthesis. Reduced MTHFR activity caused by the 677C>T
polymorphism results in an altered distribution of methyl groups. This
new distribution may result in insufficient methyl groups for DNA methyl-
transferase. Thus, there would be a reduction in DNA methylation, a
condition that has been strongly suggested to result in disruption of the
neurulation process.

Since the identification of this genetic risk factor of NTD, and the
observation that elevated plasma Hcy levels are associated with NTD,
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research has focused on genetic variations in the genes encoding for
other enzymes in the folate and Hcy pathways and in folate transport and
uptake. A few variants in these genes have been found to be significantly
associated with an increased risk for NTD. However, the most common
approach (a candidate gene approach) of investigating the genes involved
in neurulation has failed to identify major causative genes in the etiol-
ogy of NTD, and progress in understanding the genetic basis of NTD is
based mainly on animal models. These have demonstrated an essential
role for the planar cell polarity pathway (PCP) in mediating a morpho-
genetic process called convergent extension during neural tube formation.
Alterations in members of this pathway lead to NTD in vertebrate models,
representing novel and exciting candidates for human NTD (De Marco,
Merello, Mascelli, & Capra, 2006; Kibar, Capra, & Gros, 2007).

Finally, methylenetetrahydrofolate dehydrogenase (MTHFD) is another
enzyme which catalyzes the conversion of tetrahydrofolate to metabolites
important for the de novo biosynthesis of purines and pyrimidines and
thus DNA biosynthesis. There is some evidence for a role of the maternal
genotypic MTHFD1 R653Q variant and abnormal neural tube develop-
ment (Brody et al., 2002). This is an important observation that highlights
not only the significance of folic acid-related genes, but also the influ-
ence of the maternal genotype on neural tube development. The variability
in the data that can be produced ethnically, nutritionally, and in geo-
graphically different parts of the world (Hol et al., 1998) further illustrates
the complexity of NTD etiology and may be explained by not only the
genetic characteristics of the populations studied but also the differences
in nutrition and environment.

Environmental Causes of Neural Tube Defects

The fact that the incidence rate of NTD (that is, the number of
new cases occurring in a specified time period) is different depending
on the geographic area, socioeconomic status of the parents, and sea-
son of the year, and the discordance noted above between observed
and expected NTD rates in monozygotic twins, all point to the possibil-
ity that an environmental component is involved in the etiology of NTD.
Studies on NTD provide some evidence that physical agents such as ion-
izing radiation, hyperthermia, drug compounds (e.g., thalidomide, folate
antagonists, androgenic hormones, antiepileptics), substance abuse (e.g.,
alcohol), chemical agents (e.g., organic mercury, lead), maternal infections
(e.g., rubella, cytomegalovirus, toxoplasmosis, syphilis), and maternal
metabolic conditions (e.g., obesity, phenylketonuria, diabetes mellitus) are
associated with congenital malformations of the CNS (Chang et al., 2003;
Curtin et al., 2003; De Marco et al., 2006; Dietl, 2005; Dziadek, 1993;
Fine, Horal, Chang, Fortin, & Loeken, 1999; Friedrich, 2002; Huang,
Roelink, & McKnight, 2002; Loeken, 2005; Pani, Horal, & Loeken, 2002;
Ray, Vermeulen, Meier, & Wyatt, 2004; Sever, 1995). Parental socioeco-
nomic status, occupation, and possible occupational exposure to noxious
agents, such as organic solvents, anesthetic agents, viruses, pesticides,
paints or X-rays, have been reported to be associated with a higher risk
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for NTD as well (Blanco et al., 2005; Sever, 1995; Shaw, Nelson, & Olshan,
2002). By design, all such studies should include women with spon-
taneous pregnancy loss, which is known to be associated with a high
incidence of NTD. However, uniformity across studies has been lacking in
the methods of assessment and misclassification of pregnancy outcomes,
so that some potential cases may have been missed in some studies.

Maternal exposure to drinking water contaminated with carbon tetra-
chloride, trichloroethylene, and benzene has been reported to confer an
increased risk of NTD and major cardiac defects (Bove et al., 1995).
Other factors suggested to be associated with NTD include chronic inhala-
tion of airborne chemicals from living in close proximity to their source
(e.g., manufacturing plants handling polyvinyl chloride) (Theriault, Iturra,
& Gingras, 1983) and toxic wastes from landfill sites located within 3 km
of residence (Dolk et al., 1998; Marshall, Gensburg, Deres, Geary, & Cayo,
1997).

Elevated core body temperature (hyperthermia) can be harmful to
developmental processes such as cell proliferation, migration, differenti-
ation, and apoptosis. The response to increased heat appears to depend
on the species, strain, embryonic developmental stage, dose, and duration
of exposure (Edwards, Shiota, Smith, & Walsh, 1995; Edwards, Saunders,
& Shiota, 2003). A similar dose-response relationship has not been estab-
lished for human embryos. However, a recent meta-analysis suggests
that maternal hyperthermia during gestation may be associated with
an enhanced incidence of NTD (odds ratio 1.95) (Moretti, Bar-Oz, Fried,
& Koren, 2005). Maternal exposure to very high external temperatures,
such as in a sauna or hot water tub, during the critical period of neu-
rulation has been found to increase the risk of NTD in offspring (Suarez,
Felkner, & Hendricks, 2004).

Environmental, Dietary, and Genetic Interactions in NTD

Since NTD are multifactorial in origin, an understanding of the pos-
sible interactions of teratogens with susceptible genes is of particular
interest. As in other areas of biology, animal models have an advantage
here of being able to eliminate some of the confounding influences that
would be inherent to human studies. Currently, there are over 100 mouse
models of NTD. Most of these mice NTD phenotypically resemble human
NTD (Harris, 2001). Among mouse and human homolog genes may be
genes with alleles of partial function, which might coalesce to induce the
risk of NTD. In this context, it needs to be understood that in addition to
gene-gene interactions, there might also be instances where susceptible
genes interact with teratogens thus enhancing the NTD risk (Finnell et al.,
2004).

Seasonal or geographic variations often attributed to NTD incidence
may result from gene-environment interactions. As an example, foods
containing phytochemicals and herbal supplements may induce enzymes
which could change the bioavailability of the active molecules in some
drugs (Harris, Jang, & Tsunoda, 2003). Dietary modifications (such as
drinking grapefruit juice) can alter the plasma concentrations of drugs.
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Exposures to a drug considered safe in a given dosage for use in preg-
nancy in a given situation might reach teratogenic concentrations in some
pregnant women due to ethnic and geographical differences.

There are also studies suggesting that polymorphisms in folate-
metabolizing enzymes might be associated with an increase in meiotic
non-disjunctions (O’Leary & Sheehy, 2002; Wong et al., 2002). Zinc (Zn)
is a nutrient important for the functioning of some enzymes and tran-
scription factors. A relationship between Zn and NTD was demonstrated
experimentally (Warkany & Petering, 1972), and Zn-dependent transcrip-
tion factors were shown to be risks for NTD in mouse models (Purandare
et al., 2002). Zinc concentrations are also lower in mothers and children
born with spina bifida (Groenen et al., 2003a; 2003b). The mechanism
contributing to NTD in Zn deficiency in susceptible embryos is still
unknown.

As mentioned, children affected with NTD and their biological par-
ents who are heterozygous for MTHFR C677T mutation have low (but not
deficient) plasma folate and elevated Hcy levels (van der Put et al., 1997a).
Therefore, it has been proposed that in addition to low folate levels or poly-
morphisms in folate-metabolizing enzymes, lower vitamin B12 (cobalamin)
concentrations during pregnancy may also independently contribute to an
increased risk for NTD (Kirke et al., 1993).

Mothers of NTD-affected babies have been observed to have mildly
elevated serum Hcy in response to methionine loading (Mills et al., 1995;
Steegers-Theunissen et al., 1995). Methionine synthase reductase (MTRR)
is required to maintain methylcobalamin (derived from vitamin B12) in
an active state (Brody et al., 1999; Gulati, Brody, & Banerjee, 1999).
In addition to vitamin B12, the remethylation of Hcy is dependent on
transcobalamin (TC), methionine synthase (MTR), and MTR reductase
(MTRR) (van der Put et al., 1997b). Mutations in these genes might be
involved in elevation of total plasma homocysteine concentrations and
in the causation of NTD. A strong association was found between poly-
morphisms in MTR 2756 AG/GG, TC 777 CG/GG/MTHFR 677 CC, and
MTRR 66 GG/MTHFR 677 CC genotypes and increased risk for NTD in
both Italy (Gueant et al., 2003) and the United States (Zhu et al., 2003).
It can be concluded from the data that both independent genetic effects
and gene-gene interaction may play a role in NTD risk. Further studies
and multilocus, rather than single locus, analyses might provide deeper
insights into the genetic susceptibility to NTD.

CHILDHOOD CANCER

A wide range of organs and tissues can give rise to malignancies, or
cancer, in children. As might be expected, there are specific risk factors
for each type of childhood cancer. Childhood leukemia represents 31%
of all cancer cases occurring among children younger than 15 years of
age (US Cancer Statistics Working Group, 2003, 2006). Of all the types of
childhood leukemia, 79% of the cases have acute lymphoblastic leukemia
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(ALL) (Linabery & Ross, 2008; Simpson, Smith, Ansell, & Roman, 2007).
ALL is a progressive, malignant disease characterized by large numbers of
immature white blood cells that resemble lymphoblasts. The malignant
transformation of marrow lymphocytes is followed by their multiplica-
tion and accumulation in the marrow as leukemic lymphoblasts, resulting
in the insufficient production of other blood cells such as erythrocytes
(red blood cells), leukocytes (white blood cells), and platelets. ALL has an
annual incidence rate of 43 cases per million in the United States (US
Cancer Statistics Working Group, 2003; Ries et al., 1999; Linabery & Ross,
2008). ALL also occurs in adults, where it accounts for 20% of all adult
leukemias.

The Etiology of Childhood Leukemia Involves
Environmental and Genetic Factors

Despite a rising incidence rate over the past few decades, the risk
factors for childhood ALL are largely unknown. In utero exposure to diag-
nostic X-rays is one of the only known causes of childhood ALL; however,
due to the extremely low number of individuals exposed, this factor can
explain only a small fraction of cases occurring in the general population
(Ross, Davies, Potter, & Robison, 1994). Other factors that have been asso-
ciated with childhood leukemia include maternal history of fetal loss, high
infant birth weight, and parental and child pesticide exposure. Other stud-
ies have observed a 10- to 20-fold increased risk of leukemia in children
with Down syndrome (Robison, 1992; Ross, Spector, Robison, & Olshan,
2005) — a vexing circumstance for which the molecular or biochemical
basis of the association remains illusive (Alderton et al., 2006). Taken
together, all of these factors explain less than 10% of childhood leukemia
incidence (Greaves & Alexander, 1993). Since the cause of most ALL cases
is unknown, prevention still lags behind (Linet, Ries, Smith, Tarone, &
Devesa, 1999). As in other childhood and adult cancers and chronic dis-
eases, many have surmised that ALL is most likely multifactorial, involving
an interaction between the environmental and human genetics (Aydin-
Sayitoglu, Hatirnaz, Erensoy, & Ozbek, 2006; Chokkalingam & Buffler,
2008).

Genetic Causes of Childhood Leukemia

Families with multiple children affected by ALL are quite rare, occur-
ring less than 5% of the time. This does not imply that genetic factors are
absent; on the contrary, the currently accepted model for how ALL devel-
ops is based very strongly on genetic changes that have been observed
among affected children (Linabery & Ross, 2008). According to this model
(Greaves, 2004), studies of ALL in identical twins, studies using new-
born blood spots, and studies of umbilical cord blood have shown that
chromosomal translocations responsible for initiating the cancer process
originate during prenatal life. Later on (i.e., shortly after birth or late in
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gestation), additional genetic changes occur, probably stimulated by envi-
ronmental factors, which complete the cascade of events causing this
type of leukemia to develop. ALL, therefore, may be viewed as a proto-
typic example of gene-environment interaction, similar to the example we
have already discussed above in NTD, and which we will revisit below
in the context of ALL and the environment (Dorak, McNally, & Parker,
2007).

In ALL, particularly among affected infants and less so among older
children, there are complex interactions between genes that appear to
be critical in the initiation of the cancer. The MLL gene, for example,
“partners” with more than 50 other genes to form pairs of abnormal recom-
binations, and many of these genes have yet to be adequately described
and characterized (Greaves, 2004; Tauchi et al., 2008). The genes TEL and
AML1 are found combined or “fused” together in many cases of infant ALL,
but they are also found in combination with other genes, and the gene
products of such fusions can alter the normal development and function
of the blood cells (Greaves, 1999; Lin et al., 2008). As recent progress in
this field, aided by evolving genetic technologies, has shown that the ori-
gin of these fusion genes lies in the initial breakage of the double-stranded
DNA during fetal development, the question arises: “What is causing these
double strand breaks?” This is an important area for future research.

Environmental Factors and Childhood Leukemia

Some have hypothesized that a potential explanation for the increas-
ing incidence rate of ALL in developed countries is pesticide exposure
(Infante-Rivard & Weichenthal, 2007; Menegaux et al., 2006; Rudant et al.,
2007). Pesticides are ubiquitous in the environment and 85% of house-
holds in the United States store at least one pesticide for home use
(Adgate et al., 2001). Certain classes of pesticides, such as organophos-
phates (OP), are highly active biologically. The EPA has recognized that
OP require close regulation and monitoring for human health effects. This
is exemplified by the phaseout of chlorpyrifos in 2001 from the consumer
market due to the special risk that it posed for children. Although there
is growing evidence in support of an association between pesticide expo-
sure and childhood leukemia, it is limited by ecological study designs
(where exposures are inferred from data on area-wide exposures rather
than information on personal level exposures), reliance on self-reported
exposures from parents, and lack of biological measurements (Buckley
et al., 1989; Infante-Rivard, Labuda, Krajinovic, & Sinnett, 1999; Lafiura
et al., 2007; Leiss & Savitz, 1995; Meinert et al., 1996; Meinert, Kaletsch,
Kaatsch, Schuz, & Michaelis, 1999; Meinert, Schuz, Kaletsch, Kaatsch,
& Michaelis, 2000). Elevated risk has consistently been associated with
no-pest strips and home use of pesticides (Buckley et al., 1989; Infante-
Rivard et al., 1999; Leiss & Savitz, 1995; Lowengart et al., 1987; Ma et al.,
2002), but associations with garden pesticide use have been mixed. While
several large studies in California found little evidence of an association
between agricultural pesticide use and childhood leukemia (Infante-Rivard
et al., 1999; Leiss et al., 1995; Buckley et al., 1989; Lowengart et al.,
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1987; Ma et al., 2002; Reynolds et al., 2002, 2005), these results are
in contrast with the associations observed with household exposures
to pesticides. The association may depend on several factors including
the timing of exposure, type of agent, dose, chronicity, and pathway of
exposure (Merhi et al., 2007). Furthermore, some persons may be more
susceptible to the effects of specific pesticides due to inherited mutations
in their detoxification pathways which may result in adverse outcomes.

Part of the challenge in studying childhood cancer and pesticides
is that pesticides, as broadly defined by the United States Federal
Insecticide, Fungicide, and Rodenticide Act (FIFRA), are a wide array of
chemicals or mixtures of chemicals intended to prevent, destroy, repel,
or mitigate any pest, including insects, rodents, fungi, and weeds (Laws
& Hayes, 1991). The contemporary pesticides in commercial and con-
sumer uses include organophosphates, carbamates, triazines, synthetic
pyrethroids, and others. Unfortunately, because of the heavy agricultural
use of these chemicals, humans are continually exposed to many of these
chemicals via the food chain and also through residential use (Peiris-John
& Wickremasinghe, 2008). Other common exposure sources for children
include treated areas in the home and yard and treated pets. Agricultural
pesticides may expose children inadvertently via spray drift or farm work.

OP are one of the main classes of insecticides, in use since
the mid-1940s. OP can exert significant adverse effects in non-target
species including humans. Currently debated and investigated issues
in the toxicology of OP are the possible long-term effects of chronic,
low-level exposures, genetic susceptibility to OP and developmental
toxicities. Experimental studies in rodents indicate that pre- or post-
natal exposure to chlorpyrifos (formerly in widespread use in homes
and gardens) affects various cellular processes (e.g., DNA replication,
neuronal survival, glial cell proliferation) and non-cholinergic biochem-
ical pathways (e.g., serotoninergic synaptic functions, the adenylate
cyclase system) and causes various behavioral abnormalities (Aldridge,
Seidler, Meyer, Thillai, & Slotkin, 2003; Dam, Seidler, & Slotkin,
1998; Dam, Seidler, & Slotkin, 2000; Garcia, Seidler, & Slotkin, 2003;
Jett, Navoa, Beckles, & McLemore, 2001; Lee et al., 2004; Ricceri
et al., 2003; Roy, Sharma, Seidler, & Slotkin, 2005; Slotkin, Seidler,
& Fumagalli, 2008; Song et al., 1997). In vitro studies have shown OP
to inhibit astroglial cell proliferation and to cause neuronal apoptotic
death (Caughlan, Newhouse, Namgung, & Xia, 2004; Guizzetti, Pathak,
Giordano, & Costa, 2005; Howard et al., 2005; Qiao, Seidler, & Slotkin,
2001). These findings, together with biomonitoring study outcomes that
indicate OP exposure in children, particularly in inner cities and in farm-
ing communities (Landrigan et al., 1999; Lu, Kedan, Fisker-Andersen,
Kissel, & Fenske, 2004), have led to regulatory restrictions on the use
of certain OP and heightened concerns for their potential neurotoxic and
secondary harmful effects in children (Eskenazi, Bradman, & Castorina,
1999; Garry, 2004; Tilson, 2000; Weiss, Amler,& Amler, 2004).

Children have a number of unique characteristics which may increase
their risks from and of exposure to pesticides and other environmental pol-
lutants. Again, vulnerability is greatest during fetal development, and at
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the time in which the brain, bone marrow, and other organs are subject to
environmental influences during their formation, with specific organ sys-
tems having critical windows of extreme susceptibility (Dorak et al., 2007;
Lafiura et al., 2007; Mallol-Mesnard et al., 2007; Roman et al., 2007).
Children’s exposure to pesticides may be greater than adults’ because
their skin is more permeable, and because their livers do not excrete as
efficiently as those of adults. Also, as newborns they have lower levels of
the OP detoxification enzyme paraoxonase-1 (PON-1) (Chen, Kumar, Chan,
Berkowitz, & Wetmur, 2003; Karmaus, DeKoning, Kruse, Witten, & Osius,
2001; Mueller et al., 1983). Their chance of ingestion is increased due to
hand-to-mouth behavior, and their dermal contact is increased because of
a proportionally larger skin surface-to-mass ratio. Parents may inadver-
tently expose their children to pesticides by tracking pesticides indoors on
their shoes or on their clothing or bodies from exposures at work. Some
pesticides that degrade outdoors in sunlight are more persistent once they
are present indoors. Children also have a longer life expectancy in which
to develop diseases with long latency periods (Dorak et al., 2007; Roman
et al., 2007).

The role of pesticides in ALL and other cancers has been hypothe-
sized but is not especially well understood at present (IARC, 1991; Zahm
& Ward, 1998). The mechanism of acute toxicity is known for many pesti-
cides, and there are some studies of chronically exposed workers, but little
is known about the long-term effects of chronic, low-dose exposure, par-
ticularly among children and women during early gestation. A systematic
review of the scientific literature (1990-2003) on human health effects of
commonly used pesticides concluded that common pesticides are associ-
ated with fetal birth defects, neurological damage and cancers, and that
children are especially vulnerable (Lafiura et al., 2007; Sanborn et al.,
2004).

Environmental and Genetic Interactions in Childhood
Leukemia

Individual responses to environmental toxicants are influenced by the
metabolic capability of the individual, which in turn is under the control
of the genes that code for certain metabolic enzymes. Inheritance of vari-
ants in key metabolizing genes may alter the pharmacokinetics and thus
the biological and health outcomes resulting from exposure to pesticides
(gene-environment interactions). Inheritance of mutated genes has been
shown to be involved with increased activation and/or decreased detoxifi-
cation/elimination of environmental mutagens and to be associated with
serious disease outcome (Strange, Lear, & Fryer, 1998). An important
focus of this research is the concept of genetic susceptibility (see Figure 1)
(Chokkalingam & Buffler, 2008). An advantage of studying genetic associ-
ations is that they are highly measurable and are not prone to recall bias.

The enzymes PON1, GSTM1, GSTT1, GSTP1, and CYP2E1 are exam-
ples of important genetically based mediators involved in the biotrans-
formation and detoxification of a variety of xenobiotics present in food,
occupational chemicals, tobacco smoke, drugs, pollutants, and pesticides
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(Aydin-Sayitoglu et al., 2006; Furlong et al., 2005; Guha et al., 2008;
Urayama et al., 2007). Many chemicals undergo metabolism mediated by
these genes, and often there are reactive oxygen species (ROS) produced as
aresult of the metabolism. If levels of ROS in the cells are high then cellu-
lar damage may occur, but fortunately some of these genes act to produce
enzymes capable of detoxifying the ROS, as seen in Figure 2 (Chow et al.,
2008; Jantova, Repicky, Letasiova, & Cipak, 2008; Shin et al., 2009).

Polymorphisms (normal variations in DNA) in the genes coding for
these enzymes have been associated with increased susceptibility to dif-
ferent cancers, including hematological (blood cell) malignancies (Aydin-
Sayitoglu et al., 2006; Guha et al., 2008). Some studies imply that genetic
variants of xenobiotic-metabolizing genes influence the risk of develop-
ing childhood ALL; for example, low NQO1 activity caused by a heritable
mutation in this gene has been associated with increased risk for child-
hood ALL (Smith et al., 2002), while another study suggested that GSTM1
and GSTT1 genotypes may play a role in the risk for childhood ALL in
some populations (Chen et al., 1997).

The PON1 gene possesses several polymorphisms that affect the effi-
ciency of the enzyme in metabolizing different compounds (the Q192R
polymorphism) and its level of expression in cells (the C-108T polymor-
phism) (Costa, Cole, & Furlong, 2003; Costa, Cole, Vitalone, & Furlong,
2005). Extensive research in transgenic animal models clearly indicates
that PON1 “status,” encompassing both the Q192R polymorphism and
the level of PON expression, plays a highly relevant role in modulating the
acute toxicity of some OP (Li et al., 2000). PON1 activity is lower in new-
born infants than older children and adults, which implies that they have
a reduced capacity to detoxify OP (Chen et al., 2003). In addition, there is
a larger difference in activity between genotype groups in neonates than
in adults (Chen et al., 2003) (Figure 3).
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Figure 3. Biotransformation pathways and role of candidate genes in cancer risk. ROS
(reactive oxygen species) in this figure refers to partial reduction products of oxygen such as
superoxide anions (O9°7), hydroxyl radicals (*OH), and hydrogen peroxide (HyO5), which can
result from the metabolism of carcinogens. These radicals can lead to a variety of types of
DNA damage, including DNA adducts (8-OH-dG), mutations, and chromosomal aberrations
(Bird, Draper, & Basrur, 1982). Diamond shapes in this figure refer to genes that mediate
each step in the biotransformation of carcinogens: paraoxonase (PON1), cytochrome P450
2E1 (CYP2E1), superoxide dismutase (SOD), catalase, mitochondrial glutathione peroxidase
(GPX), NAD(P)H quinone oxidoreductase gene (NQO1), myeloperoxidase (MPO), glutathione-
S-transferase (GST) types M1 and T1.
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Several examples of studies that assessed gene-environment inter-
actions in ALL have been published. Maternal exposures to household
pesticides, solvents, and other hazardous chemicals were significantly
associated with excess risk of MLL gene rearrangements, which are
observed in approximately 80% of childhood ALL cases (Alexander et al.,
2001; Pombo-de-Oliveira & Koifman, 2006; Pui, Relling, & Downing, 2004;
Pui, 2004), probably originating in utero, during the fetal development
of the blood cells (hematopoiesis) (Greaves, 2005). Another study showed
GSTP1 Val allele carriers were at a higher risk for ALL (Canalle, Burim,
Tone, & Takahashi, 2004), and when the mutant CYP1Al and CYP2E1
alleles were considered together with the GSTM1 and GSTP1 risk-elevating
genotypes, the risk of ALL was increased further (odds ratio = 10.3), sug-
gesting a combined effect (Chen et al., 2008; Gallegos-Arreola et al., 2008;
Gra et al., 2008). Thus, it is plausible that exposures to xenobiotics inter-
act with the genetic variation in these enzymes to play a role in the causal
pathway of childhood ALL (Kang et al., 2008; Stanulla et al., 2005).

Although this chapter focused on gene-environment interactions, DNA
repair genes have also been associated with both increased risk of and
protective effects against childhood ALL. Individuals with a genetically
programmed robust response to DNA damage may be protected from
exposures to DNA-damaging agents, while those with genetically impaired
DNA repair pathways may be at increased risk for health effects (Sharma
& Odenike, 2008). For example, it has been shown that individuals with
haplotype C of the X-ray repair cross-complementing group 1 (XRCC1
194-Arg-280Arg-399GIn) had an increased risk for childhood ALL, while
haplotype B (194-280Arg-399Arg) had a decreased risk (Pakakasama
et al., 2007).

CONCLUSIONS: IMPACTS OF EXPANDING RESEARCH
IN GENOMICS AND CHILDREN'S HEALTH

Advancing our understanding of the genetic causes of many childhood
health problems lies not only in the evolution and progress of genet-
ics itself, but also in the fuller understanding of how a person’s genetic
background influences how he or she biologically responds to challenges
confronted in the environment. For the field to progress further, epidemi-
ological studies of the type we have reviewed (sometimes called molecular
epidemiology in recognition of the use of molecular tools in traditional
study designs) must continue to flourish and to tackle increasingly com-
plex questions on how acute and chronic diseases arise within individuals
and families. Therefore, a transdisciplinary approach will be needed more
than ever, wherein experts from a wide range of biomedical and behavioral
fields work together on a common research goal. As such work yields new
understandings of how genomics affects the family, the prevention and
control of health problems will also flourish in response to new knowledge
of how to strengthen the body’s innate capacity to heal itself before the
disease becomes manifested.
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Psychological Genetics:
Understanding the Nature of
Psychological Differences
Through Etiology

KRISTIAN E. MARKON

INTRODUCTION

Questions about the roles of nature and nurture in human behav-
ior have changed radically over time. Arguments about whether genes or
environment play a role in human behavior have largely been resolved,
with a well-documented role for both factors in the development of psy-
chological and behavioral traits. Correspondingly, the nature of inquiry
about genetic influences has changed, to instead focus on how genes
exert their influences, with regard to the specific genes involved, the bio-
logical processes underlying their expression, and the environmental and
psychological factors initiating these processes.

Interestingly, this increased focus on how genes influence behavior
has also paralleled a change in the way in which behavioral genetic inquiry
informs psychological and behavioral theory. Whereas genetic and envi-
ronmental factors were once primarily invoked as causal explanations for
predefined psychological phenotypes (i.e., psychological characteristics of
interest), increasingly they are being invoked to help define the pheno-
types themselves. In this way, genetic and environmental factors are not
only used to answer questions about why a behavior occurs, but also to
help understand what it is.

The current chapter has three primary purposes to (1) explain fun-
damental elements of behavioral genetic design and analysis, (2) review
general patterns of observations in behavioral genetics, and (3) discuss
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how these observations have influenced subsequent thinking about the
relationships between genes and behavior. Human behavioral genetic
designs, necessarily observational in nature, are the focus of this chap-
ter. It is important to note that there are many important animal models,
experimental as well as observational, that greatly inform psychological
theory but these will not be discussed herein.

PRINCIPLES OF BEHAVIORAL GENETIC DESIGN: THE
COINHERITANCE OF GENETIC AND PSYCHOLOGICAL
CHARACTERISTICS

The primary assumption underlying nearly all behavioral genetic
study designs, regardless of the level of analysis, is that psychological fea-
tures are coinherited with genetic features. Designs vary in the way that
“genetic feature,” “coinheritance,” and “psychological feature” are defined,
but the basic principle is the same. To the extent that two individuals
inherit the same genetic features, they will be relatively similar in some
psychological features, and to the extent they inherit different genetic
features, they will be relatively different in those psychological features.

Approaches to defining genetic features. One major way in which
behavioral genetic study designs differ is in how genetic features are
defined. An important distinction can be made between designs that
assume genetic features are completely observed or directly measured
and designs that assume genetic features are unobserved or indirectly
measured.

In many molecular genetic studies of behavior, for example, individ-
uals are genotyped on some locus — that is, their genetic sequence is
determined for some location in the genome and the feature of interest
is the polymorphism - the normal variation in genetic sequence at that
locus and how it is related to behavior. The sequence for each individual
is assumed to be known and directly observed.

In other cases, however, the genetic feature of interest is assumed to
be unknown or cannot be directly observed. In cases where the genetic
features are unobserved, knowledge about them is inferred from known
biological relationships. For example, in studies of monozygotic (i.e., iden-
tical) twins, the genetic features of interest — the actual genotypes of the
twins — are unknown and unobserved. However, based on current under-
standing of twinning, it is known that such pairs of twins share identical
genotypes, and this knowledge can be used to study relationships between
the genetic features of interest and behavior.

Similarly, in some linkage studies, the genetic features of interest are
not directly observed, but are inferred from what is known about chro-
mosomal recombination. In such studies, data on a limited number of
genes are used to make inferences about many nearby genes, based on the
notion that genes nearer to each other on a chromosome tend to be inher-
ited together. Although the genes of interest are never actually observed,
information about them can be gained from the genes that are observable.
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Approaches to defining coinheritance. Another major way in which
behavioral genetic designs differ is in how they approach coinheritance
of genetic and psychological features. There are two primary types of
designs in this regard: (1) those in which coinheritance of genetic and
psychological features is examined within families (within-family designs)
and (2) those in which coinheritance of genetic and psychological features
is examined independent of or across different families (between-family
designs).

In within-family designs, coinheritance of genetic and psychological
features is generally examined by determining the extent to which psy-
chological features correlate across relatives as a function of how similar
they are in some genetic feature. For example, given their degree of genetic
relatedness, one might expect the correlation between monozygotic twins
in some psychological feature, such as anxiety, to be twice that of dizygotic
(i.e., fraternal) twins, and the correlation of the latter to be approximately
equal to that of biological parents and their offspring. Similarly, biologi-
cal siblings differing in the number of alleles (i.e., versions of a gene) they
have in common at some locus might be compared in how correlated they
are in levels of some psychological characteristic. As the degree of genetic
relatedness increases, the correlation between relatives on some feature is
expected to increase.

In between-family designs, or those designs ignoring family structure,
the presence or absence of some genetic feature is simply correlated with
the psychological feature, independent of family structure. Unrelated indi-
viduals differing in some polymorphism might be statistically compared
in their levels of some behavioral feature, such as anxiety, to deter-
mine whether different forms of an allele are associated with different
probabilities of having that feature.

Within and between-family designs differ in their advantages and dis-
advantages. By examining the coinheritance of behavioral and genetic
features within families, environmental and other effects that influence
all members of a family, but differ between families, can be controlled
to some extent. A common example of this is sociodemographic influences
associated with ethnic background: if family structure is ignored, an asso-
ciation between an allele and some psychological characteristic can be
confounded with a sociodemographic effect if the frequency of that allele
differs among individuals with different ethnic and sociodemographic
backgrounds. When allele frequencies differ among sociodemographic
groups — a phenomenon known as population stratification — it can be
difficult to determine whether differences between individuals are due to
differences in a specific allele, other genetic differences, or differences in
environmental circumstances. However, if it can be shown that the asso-
ciation occurs within families, among individuals who share the same
backgrounds, then these concerns might be mitigated (Fulker, Cherny,
Sham, & Hewitt, 1999; Laird & Lange, 2006).

In general, within-family designs allow for more precise modeling of
environmental as well as genetic effects. Recruiting families, however,
requires significantly greater resources than does recruiting unrelated
individuals, which often results in smaller sample sizes and potentially
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reduced statistical power. Finding an appropriate balance between gains
and losses in statistical power due to detailed family information versus
sample size can oftentimes be critical to study design and is challenging.

Approaches to defining psychological features. Finally, study designs
differ in the ways that they define phenotypes of interest. A psychologi-
cal construct such as intelligence or negative emotion, for example, might
be measured as a continuous variable, where individuals differ gradually
in their standing, from low to moderate to high, with intermediate val-
ues throughout. Alternatively, a construct may be measured discretely,
such as in the case of binary presence or absence of a psychiatric diag-
nosis. Psychological features of interest may reflect individuals’ standing
on some variable at a particular point in time, as in cognitive capacity
at a particular age, or reflect patterns of change over time, such as in
developmental patterns of change.

Differences in definitions of phenotypes have important implica-
tions for interpretation of behavioral genetic observations. For example,
many forms of psychopathology are continuously rather than discretely
distributed (e.g., there are degrees of psychopathology rather than pres-
ence or absence thereof) (see Markon & Krueger, 2005, for details).
Inappropriately discretizing a variable into groups may decrease power to
detect genetic effects compared to a design in which the variable is left as
continuous. Similarly, if some psychological features of interest are closely
related and share some etiology, combining them may increase power to
detect common genetic influences. For example, evidence suggests that
different forms of substance use share a common etiology, that is in turn
shared with personality characteristics such as impulsivity (Krueger &
Markon, 2006); examining these different forms of psychopathology with
respect to a single liability (as a form of pleiotropy) may increase power to
detect genetic effects (Dick et al., 2008; Stallings et al., 2005).

TYPES OF BEHAVIORAL GENETIC DESIGNS

Arguably, there are almost as many variations on behavioral genetic
study designs as there are behavioral genetic studies themselves. Most
designs can be classified broadly as one of three types: (1) a family, twin,
or adoption design, (2) a linkage design, or (3) an association design. These
designs are sometimes combined, as might be the case in a family asso-
ciation study, or a combined linkage and association study, but can be
distinguished conceptually. These designs are reviewed below.

Family, twin, and adoption designs. Despite differences in their fam-
ily structures, these designs all adopt the basic within-family approach
outlined above. By including individuals within a family who vary in their
degree of genetic relatedness, the effect of genetic similarity on behav-
ioral similarity can be examined. A design might compare parent-offspring
and grandparent-offspring correlations, monozygotic and dizygotic twin
pair correlations, or adoptive sibling and biological sibling correlations to
determine how the degree of genetic relatedness is related to behavioral
similarity. Oftentimes, elements of family, twin, and adoption studies are
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combined, for example, twin-family studies including families with twins
and families of twins (e.g., D’Onofrio et al., 2007), family-adoption studies
including families with adopted children, or twin—-adoption studies, such
as those in which twins are reared apart.

The basic rationale of family, twin, and adoption studies is illustrated
in Figure 1. The correlation between a psychological feature P; in one
relative and Py in another relative is modeled in terms of the relatives’
similarity in genetic and environmental backgrounds. G; and Gg represent
the genotypes of the relatives; g represents the correlation or relationship
between these genotypes in terms of percent of genes shared. For exam-
ple, for monozygotic twin pairs, g = 1; for dizygotic twin pairs, sibling
pairs, or parent-offspring pairs, g = 0.5; for adoptive children and their
parents, g = 0. C; and Cs represent the family backgrounds of the rela-
tives. For individuals in the same family, the correlation c between C; and
Cy is 1, because they share the same family environment; for individu-
als in different families, this correlation would be O, because their family
environments are unshared. E; and E5 represent those environmental
factors that are not shared between relatives, including random effects
that occur for one relative but not another, as well as measurement error.
Because these random effects (i.e., nonshared environmental factors) are
assumed to affect one relative but not another, they are assumed to be
uncorrelated - the correlation between E; and E9, not shown, is assumed
to be zero (note that for individuals raised in different families, the family
environments, C; and Cq, effectively become nonshared environments).

In the presence of purely genetic effects, one would expect monozy-
gotic twins to be perfectly correlated in some psychological feature, such
as anxiety or cognitive ability. Similarly, the observed correlation would be
half that in dizygotic twins and zero in adoptive siblings. In the presence of

Figure 1. Standard model for genetic and environmental relationships between relatives.
G, C, and E represent genetic, family environmental, and nonshared environmental factors,
respectively; Prepresents phenotypes; subscripts indicate in which relative these occur; g and
cindicate degree of relationship between genetic and family environmental factors across the
relatives.
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random environmental influences on one family member that do not affect
another (E in Figure 1), one would expect the correlation between monozy-
gotic twins to be less than perfect, because the lack of correlation in these
effects across twins would decrease the observed correlation in the psy-
chological feature. In the presence of environmental influences that affect
all members of a family (C in Figure 1), one would expect the correlation
between adoptive siblings to be greater than zero, because they share this
influence.

Linkage studies. Linkage studies in many ways represent an extension
of family and twin designs to the level of genomic regions rather than the
entire genotype. Because genes that are physically close to one another on
the chromosome are more likely to be inherited together during recombi-
nation, a relatively small set of genes can be used to estimate the genetic
similarity of two relatives at a particular point on the chromosome. Just as
family designs model psychological similarity as a function of genetic sim-
ilarity across the genome, linkage designs model psychological similarity
as a function of genetic similarity in a particular genomic region.

In this regard, Figure 1 can also be used to illustrate the rationale
of linkage analysis. In linkage analysis, the genetic correlation g between
G1 and G2 refers not to a genomewide genetic correlation, but the genetic
correlation in a particular genomic region, such as a particular area of a
particular chromosome. The genetic correlation g for a particular region is
estimated based on patterns of similarity across a limited number of gene
markers in the region. In the presence of effects of that genomic region,
one would expect the observed correlation in some psychological feature
to increase as the genetic correlation g between relatives in that region
increases. By examining many such regions across the genome, one can
delineate the different effects of particular genomic regions on variation in
a particular psychological feature.

Biological siblings, for example, share half of their genes on aver-
age across the genome, in the sense that they inherit half of their genes
from the same biological parent on average. In this sense, the average
genomewide g = 0.5; however, at any given location on a chromosome,
their genetic similarity might be more or less than that average. They
might be identical in their genetic sequence at a specific location, with
identical alleles and g = 1; their genetic sequence may be unrelated to
one another at that location, with the different siblings inheriting differ-
ent genetic material at that location, in which case g = O; or they may be
intermediate in their level of genetic similarity, inheriting one allele from
the same parent, and another from different parents, in which case g =
0.5. If some gene in that region of the chromosome has significant effect on
a particular psychological trait, one would expect siblings who inherit the
same genetic material in that region to be more highly correlated in that
trait than siblings who inherit different genetic material in that region.

Association studies. The rationale of association analysis is arguably
somewhat intuitive: individuals differing in their polymorphisms at a par-
ticular locus are compared in some psychological feature to determine
whether that gene influences behavior. One might attempt to deter-
mine, for example, whether having a certain polymorphism increases the
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probability of a psychological feature of interest. In contrast to family and
linkage studies, individuals need not be related: all that is required is sam-
ple variation in the polymorphisms and psychological features of interest.
Meta-analyses have concluded, for example, that the 7-repeat allele of the
dopamine D4 receptor (DRD4) gene is more likely to be observed among
those with attention-deficit/hyperactivity disorder (ADHD) than in con-
trols (Faraone, Doyle, Mick, & Biederman, 2001; Li, Sham, Owen, & He,
2006).

Advantages and disadvantages of designs. Each of these types of
designs has advantages and disadvantages, which are continually chang-
ing due to modifications in technology and the ways in which the designs
are applied. Although family, twin, and adoption designs cannot address
questions about the influence of specific genes or genomic regions, for
example, they are well suited to address questions about general pro-
cesses through which genetic and environmental influences are mediated
psychologically and behaviorally. Such designs are arguably unparalleled
in their ability to address questions about specific environmental influ-
ences and the complex interplay between genes and environment, broadly
speaking, during human development.

Linkage analyses occupy somewhat of an intermediate position
between family and association studies in their advantages and disadvan-
tages. Although they do not generally provide detailed information about
the influence of a particular gene, for example, they do provide more
detailed information about the nature of genetic influences, in terms of
physical location in the genome, than do family studies, and generally do
so over a wider range of the genome than association studies. Moreover,
by adopting a within-family approach, linkage analysis avoids some of the
ethnic or population stratification confounds that challenge association
studies, as described above.

Association studies provide the most detailed information about the
effects of a particular genomic region or polymorphism. Various works
suggest that association studies provide greater statistical power to detect
particular genetic effects than linkage analysis, especially as the level of
precision allowed by genetic sequencing continues to increase (Risch &
Merikangas, 1996). Whereas family, twin, and adoption designs broadly
characterize processes by which genetic influences are manifested, and
linkage designs more precisely characterize the physical location of these
influences, association analysis ultimately establishes a link between a
particular psychological feature and a specific polymorphism or other type
of genetic feature of interest.

It is important to note that in practice, many top-quality studies
combine features of all three types of designs simultaneously and that
distinctions between designs can become blurred. The distinction between
linkage and association analysis is sometimes unclear, for example (Ott,
1989), and both methods can be employed in a family design (Laird &
Lange, 2006). A twin-family or family—adoption study, in which individ-
uals are sequenced at many loci across the genome, affords a combined
linkage—association approach that merges the advantages of both meth-
ods and allows for statistical replication within a single sample (Fulker,
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Cherny, Sham, & Hewitt, 1999; Van Steen et al., 2005). By obtaining
detailed molecular information about family members, precise estimates
of overall relatedness can be obtained, potentially increasing the power to
characterize general developmental processes through which genes and
environments act and interact with one another (Visscher et al., 2006).

GENERALIZATIONS TO BE MADE ABOUT GENES
AND HUMAN BEHAVIOR

Certain patterns have been observed repeatedly enough across diverse
behavioral genetic studies that they can almost be considered “laws” of
behavioral genetics. Three of these have been enumerated (Turkheimer &
Gottesman, 1991; Turkheimer, 2000): first, that all psychological traits
are heritable; second, that the effects of being raised in a particular family
in general are smaller than the effects of genes; and third, that factors
not associated with genes or being raised in a particular family have a
large influence on psychological traits. In addition to these, two more
axioms can be established: that the direct effect of any one allele on a
major psychological trait is relatively small; and that there is substantial
heterogeneity in genetic effects on human behavior. There are exceptions
to each of these generalizations, but they are relatively few and can be
accommodated by minor qualifications.

All psychological traits are heritable. Of the generalizations that can be
made about genes and human behavior, the most unequivocal is that all
psychological traits are heritable. As explained (Turkheimer & Gottesman,
1991), the null hypothesis of zero genetic influence on any given psycho-
logical trait can be rejected a priori and for the most part is no longer
empirically contested. Without loss of generality, it can be asserted that
all reliably measured traits have some genetic influence, and that to the
extent genetic influence is not detected, it is likely due to lack of statistical
power, poor psychological (phenotypic) measurement, or both. It is worth
noting here that not all behaviors are necessarily heritable (Turkheimer,
1998), but to the extent that individuals reliably differ in their tendency
to engage in some sort of behavior, that tendency is almost certainly her-
itable. For example, whether or not a child notices a particular stimulus
presented at a particular moment may be hardly heritable at all; how-
ever, their attentional focus on average, across various settings, relative to
other children is heritable (Martin, Scourfield, & McGuffin, 2002; Nadder,
Silberg, Rutter, Maes, & Eaves, 2001; Sherman, McGue, & Iacono, 1997).

Family-specific environmental effects are relatively small. The effects
of family environments are in many ways subtler than those of genes
and subtler than would be expected. Overall, the effect of being raised
in a particular family is likely to be relatively small — and smaller than
either the effects of genes or of environmental factors that differ among
family members. This is not to say that family environment does not influ-
ence psychological traits. By contrast, it simply states that in the context
of genetic research that the family environment itself does not tend to
make family members more similar to one another. Similarities among
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family members are generally more attributable to the fact that they share
genes in common than to the fact that they share the same environment.
Again, for behavioral geneticists, environmental factors instead tend to
make family members different.

There are many important exceptions to the general trend that the
effects of being raised in a particular family are relatively small. Certain
psychological traits, for example, appear to be more influenced by the
family-specific factors than others. Traits related to altruism and prosocial
behavior, for example, may be influenced by family-specific environmen-
tal effects more than other traits (Bergeman et al., 1993; Krueger, Hicks,
& McGue, 2001). Similarities between relatives in these traits may be
attributable to the effect of being raised in the same family more so than
is generally the case.

Another important qualification is that the relative impact of family-
specific environmental effects changes over the course of development.
Among children, the effect of being raised in a given family is actually
quite large, but by adulthood, the effect of being raised in that family
diminishes, and becomes even smaller as one ages. Conversely, the impact
of environmental influences specific to each family member increases
(Eaves et al., 1997; Koenig, McGue, & lacono, 2008; Lyons et al., 1995;
McCartney, Harris, & Bernieri, 1990). As the original family environment
changes, from being a major component of the total environment an indi-
vidual is exposed to during childhood, to being less of a component in
adulthood, its impact decreases. Evidence suggests that current environ-
ment influences psychological traits more than past environment (Fraley &
Roberts, 2005), and that family of origin environment may be no different
in this regard.

Influences not due to genes or family environment are substantial.
There are numerous variables, largely unidentified, that create behav-
ioral differences among individuals, even among those who share the same
genes and family environment. Identical twins reared in the same family
household, for example, tend to be similar to each other in traits such as
extraversion, neuroticism, disinhibition, and intelligence (Devlin, Daniels,
& Roeder, 1997; McCartney, Harris, & Bernieri, 1990), but are rarely (if
ever) truly identical to each other in those domains. Influences impact-
ing one individual but not the other, or impacting them in different ways,
tend to cause individuals to become different rather than similar. As noted
earlier from a behavioral genetic standpoint, that for many psychological
traits the environment tends to act more by creating differences between
individuals than by creating similarities among them (Plomin & Daniels,
1987).

Although the exact nature of these factors is largely unknown, cer-
tain variables likely contribute to creating observed differences among
individuals (Turkheimer & Waldron, 2000). One of the most prominent
is measurement error. Many psychological constructs (as phenotypes)
are difficult to define or assess, and imprecision in measurement can
lead to observed differences between individuals. Even a measurement
of intelligence in the same individual will likely differ slightly on different
days; if it differs for the same individual on different occasions, then it



42 KRISTIAN E. MARKON

is certainly likely to differ between two different individuals on different
occasions.

There is some evidence in this regard that more reliable measures
tend to have higher heritabilities and tend to be influenced less by non-
specific environmental factors. For example, when reports of personality
or psychopathology from multiple sources are aggregated — across self-
report, peer report, and observational ratings, for instance — the proportion
of variance due to nonshared environmental variance often goes down
(e.g., Baker, Jacobson, Raine, Lozano, & Bezdjian, 2007; Wolf, Angleitner,
Spinath, Riemann, & Strelau, 2004). Presumably, this is because biases
of different reports are being averaged over, decreasing error in the
measurement of behavior.

Measurement error is not the only factor that might create differences
between individuals, however. Any environmental variable impacting one
individual differently than another could contribute to such differences.
Accidents, traumas, and random variability among events encountered in
daily life are all examples of variables that could contribute to variation
among individuals who might otherwise be similar to one another; and it
is part of what makes us all uniquely individual.

Effects of common alleles on psychological traits are modest. For major
psychological traits, the direct effects of any single allele are likely to be
extremely small. It is by now well recognized that human behavior is
extraordinarily complex, with many factors involved in a pathway that
proceeds from gene expression to the functioning of neurons, to neu-
ral systems, and the interaction of these systems with the environment.
For any given psychological trait, many genes are likely involved, with
variation in any one of these genes likely contributing relatively little to
behavioral variation in the general population. If the sizable contributions
of environmental factors are considered together with those genes, the
effect of a single gene diminishes further.

Comprehensive meta-analyses of multiple behavioral phenotypes pro-
vide evidence of this, suggesting that the effects of common alleles are
generally modest at best (Lohmueller, Pearce, Pike, Lander, & Hirschhorn,
2003). Although there are many initial reports of substantial effects, esti-
mates of effect sizes tend to decrease as more information is obtained in
subsequent replications; effects that initially appear considerable gener-
ally are shown to be less substantial as further information is obtained
(loannidis, Ntzani, Trikalinos, & Contopoulos-loannidis, 2001). Across
numerous psychological domains, replicating effects of alleles has often
proven difficult, which may in part be attributable to small effects.

Some evidence does exist to demonstrate where single genes can have
dramatic effects on behavior. Fragile X syndrome, for example, can be
traced to mutations in the FMRI1 gene (O’Donnell & Warren, 2002), Rett
syndrome is linked to mutations in the MECP2 gene (Amir et al., 1999),
and various other forms of cognitive and psychomotor disabilities have
been linked to different nucleotide repeat polymorphisms (Orr & Zoghbi,
2007). However, these polymorphisms and psychological phenotypes are
relatively rare; for common polymorphisms and forms of psychological
variation, effects are relatively small. In fact, some arguments have been
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made that at least some forms of psychopathology, such as psychosis or
autism, are influenced by numerous but extremely rare polymorphisms
of large effect, each of which may be unique to a particular individ-
ual or family (Sebat et al., 2007; Walsh et al., in press). Under this
paradigm, common polymorphisms account for relatively little variation in
psychopathology, with genetic influences on behavior being idiosyncratic
to a particular individual or their relatives.

Heterogeneity of genetic effects on behavior is substantial. One expla-
nation for small overall effects of polymorphisms is heterogeneity of
genetic effects among individuals. In the presence of heterogeneity, the
effects of any given gene depend on some other variable that differs
among individuals — may they be environmental variables, in the case
of gene-environment interaction, or other genes, in the case of gene-gene
interaction. In the presence of heterogeneity, the overall effect of a gene
in the population might be relatively small, even though it has consider-
able effect among individuals, because the effects differ from individual to
individual.

As a simplified example, one can imagine a gene strongly increasing
a trait in one subgroup of individuals, but strongly decreasing the trait
in another subgroup; the overall effect in the population might be quite
insignificant, assuming approximately equal proportions of individuals in
each subgroup. Substantial evidence now indicates that heterogeneity of
genetic effects on behavior is important. Although the causes of this het-
erogeneity might not be fully understood for many psychological traits, it
nevertheless appears clear that heterogeneity of genetic effects per se is
common.

Returning to family and twin designs, these have demonstrated that
genetic effects vary depending on environment or vice versa. In many
cases, genes interact with the environment in their effects, with the
magnitude or nature of a genetic effect depending on environmental back-
ground. In these cases, it is somewhat misleading to focus on overall
genetic effects, because the genetic effects depend on environmental cir-
cumstances. Intelligence, for example, is significantly less heritable in
disadvantaged environments and more heritable in more advantaged envi-
ronments (Turkheimer, Haley, Waldron, D’Onofrio, & Gottesman, 2003).
Similar patterns are observed with misconduct and antisocial behavior,
which also appears less heritable in disadvantaged family environments
and more heritable in more advantaged environments (Feinberg, Button,
Neiderhiser, Reiss, & Hetherington, 2007; Tuvblad, Grann, & Lichtenstein,
2006). Association studies, likewise, have documented that the effects
of environmental factors may depend on individual polymorphisms. The
effect of maltreatment on antisocial behavior may depend on monoamine
oxidase A (MAOA) polymorphisms; for example, maltreatment appears to
increase antisocial behavior and misconduct more among individuals who
have polymorphisms conferring low MAOA activity (Caspi et al., 2002;
Kim-Cohen et al., 2006).

The effects of genes may also depend on other genes, leading to
epistatic effects on psychological phenotypes. In these cases, genes inter-
act with other genes in their effects, due to a variety of possible reasons,
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such as regulatory effects of one gene on the expression of another gene or
physical interactions between products of gene translation. The catechol-
O-methyltransferase (COMT) gene is involved in the breakdown of cate-
cholamine neurotransmitters, such as dopamine, and has been shown to
interact with various other genes to influence neurocognitive functioning,
particularly prefrontal processes involved in attention and working mem-
ory. Evidence suggests that COMT influences expression of a G-protein
regulatory protein gene (RGS4) in the frontal cortex (Lipska et al., 2006)
and that these two genes interact to influence psychosis (Nicodemus et al.,
2007) and related neurocognitive processes (Buckholtz et al., 2007). COMT
has also been shown to interact with a metabotropic glutamate receptor
gene (GRM3) to influence neural activation during working memory tasks
(Tan et al., 2007). Possible evidence of genomewide gene—gene interaction
is also evident in family designs, although these effects tend to be com-
paratively small (Hill, Goddard, & Visscher, 2008) and have other possible
explanations, such as genetic dominance, in which polymorphisms at the
same locus differ in the magnitude of their effect (Keller, Coventry, Heath,
& Martin, 2005).

DELINEATING PSYCHOLOGICAL CONSTRUCTS:
THE INTERDEPENDENCE OF PSYCHOLOGICAL
AND GENETIC INQUIRY

One of the key developments in behavioral genetics is growth of
its influence beyond inquiry into what causes differences in psycholog-
ical traits, to additionally delineate what the traits fundamentally are.
Although distinctions between causes and definitions can be difficult to
make, behavioral genetic designs are increasingly being used to define
behaviors, in addition to explaining why those behaviors occur. Questions
about what constitutes the core features of traits, and at what level of anal-
ysis to define constructs, have risen to prominence as genetic designs have
increased in sophistication and genetic inquiry has become more detailed
in focus. This renewed commitment to defining psychological constructs,
in turn, has helped improve the quality of behavioral genetic analysis.

Traits as etiologically coherent composites of behavior. Behavior genetic
designs have special utility in defining psychological traits because they
help provide an etiologic anchor point in measurement. Many psychologi-
cal constructs are somewhat abstract, comprising composites of individual
behaviors that differ slightly despite the fact that they reflect some com-
mon trait. Components of extroversion, for example, include subtraits
such as positive emotionality, sociability, and dominance (Lucas, Diener,
Grob, Suh, & Shao, 2000; Watson & Clark, 1997). Because of this
abstractness, it can sometimes be difficult to know what comprises the
core features of a trait — the features that cohere together and distinguish
the trait from other traits — and what comprises secondary features —
those that may not cohere as strongly or might reflect other traits as
well. Behavioral genetic designs help resolve this dilemma by identifying
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features of traits that tend to be coinherited - that is, those that tend to
correlate particularly strongly across relatives.

Figure 1 can be used to illustrate the logic of how family, twin, and
adoption designs might be used to refine the measurement of psychologi-
cal traits. As noted, the correlation between a psychological feature P; in
one relative and feature Py in another relative is modeled in terms of corre-
lations between relatives’ genetic and environmental backgrounds (g and
¢, respectively). However, there is no reason why P; and Py need to be the
same feature in different relatives: P; and Py could be different features
in the relatives, such as positive emotion in one relative and sociability in
the other, or verbal reasoning in one and working memory in the other.
By determining which groups of features most strongly cohere in families
according to patterns of genetic relatedness, one can begin to determine
which features share common genetic influence and cohere as indicators
of a single construct. Observing that positive emotionality and sociability
tend to be strongly and predictably correlated across relatives suggest that
those features represent the core of extroversion, for example.

Following through on this logic, behavior genetics has helped clar-
ify the outlines of psychological traits, to delineate the structure of those
traits, and what their core features are. Studies of common forms of psy-
chopathology, for example, have indicated that problems such as anxiety,
depressions, phobia, and panic all share the same genetic and environ-
mental liability, tending to be coinherited at relatively high rates compared
to other combinations of psychopathology. Such patterns of coinheritence
suggest that these types of problems reflect an underlying trait, gener-
ally referred to as “internalizing” (Achenbach, 1966; Kendler, Davis, &
Kessler, 1997; Kendler, Prescott, Myers, & Neale, 2003; Krueger & Markon,
2006). Similarly, studies indicate that problems related to substance use,
aggression, misconduct, and antisocial behavior problems share the same
genetic and environmental liability, tending to be coinherited at relatively
high rates compared to other combinations of psychopathology. These pat-
terns of coinheritance suggest that these problems reflect an underling
trait, generally referred to as “externalizing” (Achenbach, 1966; Kendle
et al., 1997; Kendler, Prescott, Myers, & Neale, 2003; Krueger & Markon,
2006), related to but distinct from internalizing psychopathology.

Delineating the ways that these forms of psychopathology are coin-
herited helps establish an etiological basis for distinctions between traits,
defining etiological boundaries between constructs. Problems such as
anxiety and depression have been known to phenotypically covary with
one another in ways that are consistent with them reflecting a unitary
trait. Finding that they are coinherited among relatives in similar pat-
terns helps strengthen this argument by providing an etiological basis
for their shared variance. Equally important is what is not coinherited —
internalizing forms of psychopathology, for example, are more strongly
coinherited with each other than with externalizing forms of psychopathol-
ogy. Depression in one sibling, for example, is more strongly predictive
of anxiety in another sibling than it is of aggression. Determining which
psychological features tend to covary across relatives, and which features
tend to covary less so, helps clarify the nature of psychological traits.
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Consistent with this, studies have generally found that patterns of
genetic and environmental relationships tend to parallel phenotypic rela-
tionships. Psychological features that are phenotypically correlated tend to
be influenced by similar genetic and environmental factors, and features
that are phenotypically uncorrelated tend to be influenced by differ-
ent liabilities. In the realm of personality and psychopathology, patterns
of phenotypic, genetic, and environmental relationships between differ-
ent measures are all very similar (see Markon, Krueger, Bouchard, &
Gottesman, 2002, for discussion). Personality traits related to negative
emotionality, for example, are phenotypically, genetically, and environ-
mentally related to measures of internalizing psychopathology, such as
depression. This general pattern provides etiologic support for the practice
of defining psychological traits on the basis of phenotypic characteris-
tics and also provides support for using genetic studies to aid in their
definition.

Endophenotypes. One explanation for parallels between phenotypic,
genetic, and environmental relationships is that genetic and environmen-
tal influences must be mediated through the same neuropsychological
systems that ultimately govern behavior. These neuropsychological sys-
tems act as substrates for behavior, providing the structure on which
genes and environment impinge, and from which behavior emerges. To
the extent that these neuropsychological systems have a particular orga-
nization, then that organization will be paralleled in the relationships
between behaviors as well as in the relationships between genetic and
environmental influences on those behaviors.

As behavioral genetic inquiry has become increasingly molecular in
focus, the question of which psychological phenotypes should be exam-
ined has been increasingly scrutinized. In particular, it has been argued
that attention should focus on phenotypes that are more directly related
to the neuropsychological substrates underlying behavior rather than
on the behaviors themselves. These endophenotypes, as they are called,
should be causally “closer” to the genetic and environmental influences
on behavior and more directly reflect the neuropsychological systems
mediating those influences (Gottesman & Shields, 1972, 1973). Genetic
effects on these endophenotypes should theoretically be larger than the
effects on the behaviors themselves, because they occupy a more inter-
mediate position in the causal chain from a specific gene to a specific
behavior.

Figure 2 illustrates the rationale behind the use of endophenotypes in
behavioral genetic inquiry. In the figure, the effects of genetic and envi-
ronmental variables on observed behavior proceeds through a chain. This
chain begins with the genetic and environmental variables themselves,
which influence an endophenotype, which in turn influences a psycho-
logical trait, which influences various specific behaviors. According to this
chain-like model, the behavioral effects of particular genes or environmen-
tal variables are relatively small in part because the effects must propagate
through a chain of influence, with behavior being relatively distal from the
original genetic and environmental influences. By targeting an endophe-
notype — a phenotype that is more proximal to the original genetic and
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Figure 2. Simplified endophenotype model. G, C, and E represent genetic, family environ-
mental, and nonshared environmental factors, respectively. Endo. represents an endophe-
notype influencing a trait, which in turn influences three observed behavioral phenotypes P.
Subscripts indicate the three phenotypes, measured within individuals.

environmental influences - effects are not propagated as far and should
be larger.

Figure 2 is a simplified representation, especially in that there are
multiple endophenotypes in any given causal chain, with numerous
intermediates linking individual genetic and environmental influences to
behavior. In this regard, any number of endophenotypes could be used
to study genetic and environmental effects. An endophenotype could be a
measure of gene expression, a marker of an expressed protein, an indi-
cator of cellular or neural activity, performance on tasks designed to
assess fundamental neuropsychological processes, or even an assessment
of traits assumed to underlie behavioral criteria (e.g., traits as indicated
in Figure 2). What is considered an endophenotype will vary from study to
study depending on its focus and purpose. In the context of studying men-
tal disorder, for example, underlying personality traits or cognitive abilities
could serve as endophenotypes. In the context of studying those traits
or abilities, other phenotypes, such as neurobiological markers, might be
used. Ultimately, using a variety of endophenotypes, across a variety of
levels of analysis, is likely to be most useful (Cannon & Keller, 2006).

Various criteria for defining endophenotypes have been proposed
(Cannon & Keller, 2006; Gottesman & Gould, 2003). Heritability is invari-
ably considered a criterion, but it is unlikely to be of use in practice as
nearly all reliably measured psychological features are heritable to some
extent. It is also frequently suggested that an endophenotype possess
desirable psychometric or statistical properties, such as being measured
reliably, or affording maximum inferential power in statistical modeling
(Cannon & Keller, 2006). Such properties are important or necessary in
some sense, but may not be sufficient to define an endophenotype, as
there are many phenotypes with desirable psychometric and statistical
properties that would presumably not function well as an endophenotype.
Academic achievement or religiosity are such examples, both being heri-
table (Koenig, McGue, & lacono, 2008; Thompson, Detterman, & Plomin,
1991) and having desirable statistical properties, but difficult to justify as
endophenotypes.

A particularly useful criterion, described somewhat differently by dif-
ferent authors, is that an endophenotype functions empirically as a cause
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of the traits and behaviors of interest (Cannon & Keller, 2006; Gottesman
& Gould, 2003). Depending on what aspects of a causal model one
emphasizes, this criterion might be operationalized in different ways. It
is frequently suggested, for example, that endophenotypes temporally pre-
cede or supersede the outcomes of interest. That is, that endophenotypes
prospectively predict outcomes, or are more temporally stable. It is also
frequently suggested that endophenotypes be genetically related to the
outcome of interest, as indicated by family, twin, or adoption studies.
These criteria all essentially define an endophenotype as causally impact-
ing the outcomes of interest. In this sense, an endophenotype can be
defined as a variable that is causally related to an outcome, but is itself
influenced by the same genetic or environmental influences as the out-
come, acting like a statistical mediator of the genetic and environmental
effects.

Whether or not endophenotypes are empirically useful in identifying
specific genetic and environmental influences on behavior remains to be
seen. Flint and Munafo (2007), for example, conducted meta-analyses of
associations between COMT, schizophrenia, and multiple schizophrenia
endophenotypes. Based on these meta-analyses and a broader review of
the empirical literature on endophenotypes, they concluded that there was
little evidence that endophenotypes provide greater power to detect genetic
effects than other phenotypes. Citing work on model organisms, such as
mice and yeast, Flint and Munafo (2007) argue that there is no evidence
in the broader literature that behavioral phenotypes demonstrate effect
sizes that are significantly different from physiological or other phenotypes
(Flint, Valdar, Shifman, & Mott, 2005; Valdar et al., 2006). The authors
argue, in fact, that the nature of genetic networks are such that they are
inherently complex for most phenotypes, in that the direct effects of any
gene are likely to be small because of the large number of factors involved,
and because of the complex nature of interactions between these factors.

Nevertheless, it is unclear how well the results of Flint and Munafo
(2007) will generalize to other phenotypes and genetic and environmen-
tal factors. As they acknowledge, their meta-analysis examined only one
polymorphism and one set of related phenotypes and endophenotypes.
Moreover, as has already been noted, and as is consistent with their
findings, this association demonstrated significant heterogeneity, possi-
bly due to gene-gene interactions (Buckholtz et al., 2007; Nicodemus
et al., 2007). Flint and Munafo (2007) note that certain endophenotypes
of other constructs, namely neural responses to anxiety and fear (Hariri
et al., 2002, 2005), have demonstrated relatively larger effect sizes in
genetic association studies. It is possible that as empirical evidence accu-
mulates, and understanding of how to define endophenotypes improves,
endophenotypes will demonstrate increased utility.

Hierarchy in psychological traits and genetics. Central to understand-
ing genetic influences on psychological traits is the concept of hierarchy:
psychological indicators reflecting an underlying unitary trait generally
also reflect meaningful variance not accounted for by the trait. In other
words, it is important to understand what is unique about a psychologi-
cal feature as well as what it shares with other features. General memory
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ability appears to affect diverse memory tests (Carroll, 1993), but those
memory tests also reflect meaningful variance not shared with the general
factor; some tests also reflect visual memory, verbal memory, and other
types of memory. To treat a visual memory test solely as a measure of gen-
eral memory, or solely as a measure of visual functioning, could neglect
important insights into the etiology of either form of memory.

Hierarchy is critical to understanding genetic effects on a behavior
because what affects a set of psychological indicators simultaneously —
that is, what affects a common underlying trait - may be different from
what affects each indicator individually. Two examples of this are illus-
trated in Figure 3. In the first case — known as the “independent pathways
model” — each indicator (P) is directly influenced by shared genetic (G)
and environmental influences (C, E), as well as genetic and environmental
influences unique to each indicator (e.g., Gy, Cy, En uniquely influenc-
ing Pp). In the second case — known as the “common pathway model” -
each indicator is influenced by genetic and environmental influences on an
underlying trait, as well as genetic and environmental influences unique
to each indicator. In both cases, each indicator is impacted by influences
that are shared with other indicators, as well as influences that are specific
to that indicator. In the common pathway model, the shared influences
are mediated through an underlying phenotypic trait; in the independent
pathways model, these shared influences affect the indicators directly.

Independent Pathway Common Pathway

Figure 3. Independent and common pathway models. G, C, and E represent genetic, fam-
ily environmental, and nonshared environmental factors affecting all three phenotypes P
jointly. G, C, and E appearing with subscripts (I, II, and IIl) represent unique genetic, family
environmental, and nonshared environmental factors affecting a single phenotype.

Substance use and abuse provide compelling examples of how impor-
tant hierarchy is to behavioral genetics. Use of a given substance is
likely to be influenced by factors unique to that substance, such as
factors related to metabolism or receptor availability of the substance.
It is also influenced by factors shared with other substances, such as
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factors related to appetitive reward systems and those shared with other
behaviors like disinhibition. Alcohol use is influenced by the alcohol
dehydrogenase gene, which affects metabolism and degredation of alco-
hol (Luczak, Glatt, & Wall, 2006). It also appears to be influenced by
genetic factors influencing other substances as well, such as the mu-
opioid receptor gene (Barr et al.,, 2007; Schinka et al., 2002), and by
genetic factors influencing general externalizing behavior, such as the
muscarinic acetylcholine receptor M2 gene (CHRM2) (Dick et al., 2008).

With reference to substances more generally, there is evidence from
twin designs that genetic factors specific to a given substance tend to pri-
marily affect initiation and use, and that substance abuse problems tend
to be influenced primarily by genetic influences shared among multiple
substances. Examining use and abuse with cannabis, cocaine, hallucino-
gens, sedatives, stimulants, and opiates, Kendler and colleagues (Kendler,
Jacobson, Prescott, & Neale, 2003) demonstrated that use was influenced
by a general genetic factor (G in Figure 3), as well as substance-specific
genetic and environmental factors (e.g., Gy, Gy, Gyyp in Figure 3). Substance
abuse, in contrast, appeared to be primarily influenced by the general
genetic factor as well as environmental factors, without substance-specific
genetic factors. Family environment appeared to act through a general
factor (C in Figure 3) for both use and abuse. These observations are
important in that they suggest that the etiologies of substance use and
abuse are different. One might conclude, for example, that attempts
to identify specific genes associated with substance abuse are most
likely to be successful if multiple substance abuse issues are examined
simultaneously.

A hierarchical approach to analyzing genetic effects on psychological
traits can be quite useful in determining whether particular indicators
reflect particular etiologic influences more than other indicators. An inde-
pendent pathways model, for example, might suggest that the indicators
are relatively direct markers of a shared etiologic influence; a common
pathway model, in contrast, might suggest that the etiologic influence is
more directly related to an underlying trait rather than the indicators
themselves. Similarly, if one indicator was influenced by the underly-
ing shared etiology more than other indicators that indicator might be
weighted more in identifying genes affecting all the indicators simulta-
neously. By identifying which phenotypic features appear to be more
strongly related to underlying etiologic variables, one might be able to
define endophenotypes more successfully.

An emerging literature has helped identify how traits are hierarchi-
cally influenced by genetic and environmental factors. Studies in twins,
for example, suggest that major personality traits may differ in how their
genetic and environmental influences are mediated. Extroversion and
neuroticism may largely mediate the genetic and environmental influ-
ences on specific subcharacteristics related to these traits (e.g., positive
emotion, sociability, dominance, emotional lability, anxiety) (Johnson &
Krueger, 2004). Traits such as agreeableness, conscientiousness, and
openness, in contrast, may be influenced by genetic and environmental
factors that act directly on their specific subcharacteristics (Johnson &
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Krueger, 2004; Jang, Livesley, Angleitner, Riemann, & Vernon, 2002).
Different forms of psychopathology may also be differentially related to
underlying genetic and environmental influences. Schizotypal personal-
ity disorder and schizoaffective disorder, for example, may more directly
reflect the shared etiology of psychotic disorders than other forms of psy-
chosis (Cardno, Rijsdijk, Sham, & McGulffin, 2002; Kendler et al., 2006).
Similarly, avoidant personality disorder seems to more directly reflect the
shared genetic etiology of anxious—fearful personality disorders, whereas
dependent personality disorder seems to more directly reflect their shared
environmental etiology (Reichborn-Kjennerud et al., 2006).

EMERGING ISSUES AND THE FUTURE OF PSYCHOLOGY
AND GENETICS

As inquiry into genetic influences on human behavior has progressed,
questions have shifted from broad issues of whether genes or environment
influence behavior, and how much, to issues of exactly how genes and
environment influence behavior. Currently, the greatest opportunities for
progress are arguably in understanding the precise mechanisms by which
genes and environmental factors exert influence and how they interact
during development to impact psychological processes. This chapter has
outlined some of the challenges to understanding these mechanisms, as
well as opportunities for improving it.

It is difficult to predict what issues will become most prominent as
research into the psychological genetics continues. However, some emerg-
ing issues are likely to receive increasing attention as research progresses.
Already, critical questions have arisen about how to statistically model the
large quantities of genetic information that are being obtained on indi-
viduals. The amount of genetic data obtained on individuals is quickly
outstripping current methods for drawing conclusions from it, and how to
approach the modeling of this data will likely receive increased attention.
Also, perhaps more importantly, current understanding of how funda-
mental genetic processes operate is profoundly changing in some areas.
It is increasingly being recognized, for example, that the ways genes are
expressed (epigenetic factors) are just as important as the identity of the
genes themselves (e.g., Fraga et al., 2005; Mill et al., 2008). New forms
of genetic variation are also being identified and are revising our under-
standing of how individuals differ genetically from one another (e.g., copy
number polymorphisms). These new insights into fundamental genetic
processes have important implications for studying human behavior.
Recent research indicates that identical twins are not in fact genetically
identical; although identical twins may share the same versions of genes,
they differ in the number of copies of those genes (Bruder et al., 2008)
and how those genes are expressed (Fraga et al., 2005). Incorporating new
insights about genetic processes into our understanding of psychological
processes, and vice versa, will undoubtedly yield important insights into
human behavior and health in the years to come.
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INTRODUCTION

In the past, models of children’s social development focused almost
exclusively on causal mechanisms believed to be primarily environmental.
Oftentimes, parenting styles were implicated as the primary causal factors
in the development of children’s social and emotional adjustment (e.g.,
Bates, Bayles, Bennett, Ridge, & Brown, 1991; Hetherington & Martin,
1979; Patterson, 1982). Peer influence on child behavior has also been
researched in depth (Berkowitz & Lundy, 1957; Pravder & Israel, 1983),
as were adverse environmental conditions such as poverty (Schweinhart &
Weikart, 1988). While these causal pathways each have merit, theo-
ries of the origins of children’s adjustment and maladjustment evolved
dramatically during the 1990s to consider increasingly complex transac-
tional systems in which psychological, sociological, and genetic factors
are interrelated in their influence on child adjustment (Bates et al., 1991;
Bronfenbrenner & Ceci, 1994).
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Over the past 60 years, researchers have used behavior genetics
approaches to improve our understanding of the roles of nature and nur-
ture in relation to child development and psychopathology (i.e., Cleveland,
Wiebe, van den Oord, & Rowe, 2000; Deater-Deckard, 2000; Ganiban
et al.,, 2007; Ge et al., 1996). The current chapter aims to introduce
the rationale and methodology of genetic epidemiology in the con-
text of genetic and environmental influences on childhood externalizing
behaviors.

Behavioral genetic studies of humans estimate the relative influ-
ences of genes and environment on observable individual differences in
human characteristics. By conducting studies with participants who vary
in degree of genetic similarity, it becomes possible to estimate the degree
of influence that genes and environment exert on a given trait. Although
behavioral genetic research cannot determine an individual’s genetic risk
for specific outcomes, it is a powerful tool that has gained momentum in
the field of developmental psychology for examining the etiology of risk
and disorder across individuals. It is important to note here that genetic
epidemiology and the concept of genetic influences on behavior have often
been the cause of controversy among those concerned with development
and psychopathology. However, it is crucial to keep in mind when inter-
preting statistics from behavior genetics research that genetic influences
do not imply inevitability or causation, nor do they determine particular
outcomes in individuals. Research has found that genes and genetic influ-
ences can and do lead to change. Specifically, they change over time, as
well as in response to different environmental circumstances. It is likely
that most psychological disorders are caused by multiple genetic and
environmental factors and that effective intervention efforts can be better
designed when both genetic and environmental risk factors are considered
(Plomin, 1990).

The ability to disentangle genetic and environmental contributions to
psychopathology is important for gaining a better understanding of the eti-
ology, nature, and course of such disorders across development. A major
goal of genetic epidemiology is to untangle the complexity of genetic and
environmental etiological factors for putative measures of children’s men-
tal health. These factors are usually discussed in terms of genetic, shared
environmental, and nonshared environmental influences. Genetic factors
are those influences that serve to make individuals similar and can be
attributed to the genome.

By definition, shared environmental factors include those non-genetic
factors and experiences that are shared by family members and that
make them similar to each other. Nonshared environmental influences
include those non-genetic factors and experiences that are unique to
family members and have caused them to differ, in addition to mea-
surement error (see Reiss, Neiderhiser, Hetherington, & Plomin, 2000,
for review). Behavioral genetic strategies have been used to exam-
ine numerous forms of childhood psychological disorders including
depression, anxiety, autism, attention-deficit/hyperactivity disorder
(ADHD), childhood bipolar disorder, obsessive compulsive disorder,
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and substance use (Derks et al., 2008; O’Connor, Neiderhiser, Reiss,
Hetherington, & Plomin, 1998; Rutter et al., 1990; Plomin, Nitz, & Rowe,
1990). Additionally, known “environmental” risk factors for developmen-
tal psychopathology such as quality of parenting or peer influence have
also been examined for genetic influence (Rubin, Burgess, & Coplan,
2002; Rubin et al., 2004). A full review of this literature is beyond the
scope and focus of this chapter; instead, it concentrates on developing
an understanding of the logic and methods employed in studies of genetic
epidemiology which center on the function of the “genome” and “envirome”
(Sham, 1996; Neiderhiser, 2001).

One group of childhood disorders has been chosen to provide exam-
ples and illustrations: externalizing behaviors. Such behaviors refer to a
wide range of “rule breaking behaviors and conduct problems, includ-
ing physical and verbal aggression, defiance, lying, stealing, truancy,
delinquency, physical cruelty, and criminal acts” (Hann & Borek, 2001,
p- 1). Early recognition, as well as knowledge of the mechanisms of sta-
bility and change in childhood externalizing problem, is valuable in the
design of effective preventions and interventions (Bartels et al., 2007,
2004), due to the fact that childhood externalizing problem behavior has
been found to be stable over time. A wide range of childhood externalizing
disorders from early childhood until late adolescence, such as attention
problems, conduct disorder (CD), and antisocial behaviors (ASB), have
been examined using behavioral genetic strategies (e.g., Bartels, 2007;
Burt, Krueger, McGue, & lacono, 2001). Both childhood and adolescent
ASB can pose grave societal problems given that individuals under the
age of 18 commit approximately one-fifth of overall crimes in the United
States (Tackett, Krueger, lacono, & McGue, 2005). Childhood ASB in
particular has demonstrated considerable continuity and is one of the
strongest predictors of later crime, alcohol, and drug abuse (Cadoret,
Troughton, Bagford, & Woodworth, 1990; O’Connor, McGuire, Reiss,
Hetherington, & Plomin, 1998), as well as ASB in adulthood (Eley,
Lichtenstein, & Moffitt, 2003). Research has consistently found that the
higher the number of ASB in childhood, the greater the probability that
an adult antisocial personality diagnosis will be given (Cadoret et al.,
1990). Moreover, it has also been found that these disordered behaviors
co-occur at greater-than-chance levels, a finding that has raised impor-
tant questions regarding the distinctive nature of childhood externalizing
disorders.

In this chapter, an introduction will be provided to the research
designs and methodological concepts commonly utilized in quantita-
tive genetic studies (Table 1). Family, twin, adoption, and combination
study designs will be discussed and examples of each will be presented.
Furthermore, aspects of the interplay between genes and environment,
including genotype-environment correlations and interactions, will be
explored and the current and future directions for the study of genotype-
environment interplay will be discussed. These issues will be examined
through a review of the behavioral genetic literature on ADHD, ASB,
and CD.
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Table 1. Research Designs Utilized in Quantitative Genetic Studies

Type of Design Sample Purpose of Design

Family studies An individual with a trait or Determines the “familiality” of a trait or
disorder and relatives disorder of interest

Twin studies Monozygotic and dizygotic Estimates the degree of influence that
twins genes and environment exert on a

given trait
Adoption studies Adoptees and adopted parents  Estimates the degree of influence that
and/or birth parents genes and environment exert on a
given trait. Particularly useful for
estimating shared environmental

influences
Combination MZ and DZ twins and their Maximizes the potential generalizability
designs siblings; MZ and DZ twins and power of studies

reared apart; adoptees and
siblings and/or non-adoptive
control siblings

FAMILY STUDIES

In a family study, a disorder of interest (e.g., conduct disorder) is
examined to assess whether it is more common in the relatives of an
individual affected by the disorder than in the relatives of an individual
who is not affected by the disorder and who match on many impor-
tant characteristics (Waldman, 2007; Kendler, 1997). Family studies are
a fairly straightforward approach to understanding how mental health is
transmitted through families (see Zhao et al., 1997, for review). Parents,
siblings, and offspring (first-degree relatives) are most useful in fam-
ily designs, although the inclusion of more distantly related individuals
can aid in distinguishing genetic from environmental influences (Sham,
1996). One shortcoming of the typical family design used in psychiatric
epidemiology is that it remains difficult to discriminate between genetic
and shared environmental influences. Specifically, if an individual shares
both genes and environment with the other family members assessed,
the two influences cannot be distinguished from one another. Therefore,
despite the simplicity and ease of collecting family histories and conduct-
ing assessments for such studies, this method’s usefulness (on its own) in
discerning genetic and environmental influences is limited (Merikangas &
Swendsen, 1997).

Family studies have focused on both internalizing disorders such
as childhood depression (Klein, Lewinsohn, Seeley, & Rohde, 2001;
Wickramarantne, Warner, & Weissman, 2000) and externalizing disorders
such as juvenile obsessive compulsive disorder (Reddy et al., 2001) and
have provided valuable information to researchers regarding childhood
psychiatric disorders. Although less commonly used today, family stud-
ies are an important starting point in behavioral genetics research. Such
studies allow for the identification of specific patterns of transmission,
thus indicating the familiality of a disorder in question (Merikangas &
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Swendsen, 1997). However, to distinguish between genetic and shared
environmental effects, twin and adoption studies are needed.

TWIN STUDIES

By contrasting the similarities of monozygotic twins (MZ) and dizy-
gotic (DZ) twins who share their rearing environment but differ in
their genetic similarity, genetic and environmental influences may be
estimated for measured behaviors, including childhood externalizing dis-
orders (Waldman, 2007). Twin studies take advantage of the fact that
MZ share 100% of their segregating genes while DZ twins and full sib-
lings share 50% of their segregating genes, on average. Whereas MZ twins
result from the splitting of a single fertilized egg into two genetically iden-
tical individuals, DZ twins are the result of two separate eggs fertilized
by two different sperm. DZ twins, therefore, are as genetically similar
as any other nontwin full sibling pair. This natural experimental design
allows genetic and environmental influences to be estimated based on
the similarity of MZ and DZ twins — how much a child resembles her
co-twin. For example, if only genetic influences on a particular measured
construct are important, MZ twin pairs will be twice as similar as DZ twin
pairs.

Genetically informed research designs involving twins estimate the
relative contributions of genetic, shared environmental, and nonshared
environmental influences. Recall that shared environmental influences are
those non-genetic influences shared by family members that make them
similar and that nonshared environmental influences are non-genetic
influences that make family members differ from one another. In twin
studies, correlations for both MZ and DZ twins that are significant and
do not vary by zygosity indicate that shared environmental factors are
operating to make siblings similar. Nonshared environmental influences
are indicated when the correlation for MZ twins is less than 1. A critical
assumption of twin studies is that both MZ and DZ twin pairs are exposed
to similar environmental characteristics that influence a disorder or trait
(Waldman, 2007). Ultimately, if MZ twin pairs who were reared in the same
home display phenotypic dissimilarity, nonshared environmental factors
are indicated. Twin studies are particularly helpful in understanding both
genetic and environmental contributions to variations within a particular
disorder and covariation among co-occurring disorders (Burt et al., 2001;
Burt, McGue, Krueger, & lacono, 2005).

Many new techniques have been developed to disentangle genetic and
environmental influences in the study of childhood externalizing disorders
(Burt, Krueger, McGue, & lacono, 2003; Eaves et al., 1997; Klump, Burt,
McGue, & lacono, 2007; Nadder, Silberg, Eaves, Maes, & Meyer, 1998).
Longitudinal behavioral genetic studies allow for the investigation of the
extent to which genetic and environmental influences contribute to stabil-
ity and change across the life span. Longitudinal designs are advantageous
because they improve power by making use of observations from the same
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individual over time as well as allowing for the examination and estima-
tion of time-dependent genetic and environmental effects. By combining
techniques from structural equation modeling and time series analyses
and applying them to childhood genetic epidemiology, it is possible to dis-
entangle the independent effects of genetics and environment over time
(Bartels et al., 2007). Generally, stability in most of the studied measured
behaviors has been due to primarily genetic and shared environmental fac-
tors while nonshared environmental influences typically influence change
and/or are age-specific.

One study that used a longitudinal behavioral genetic design to exam-
ine childhood problem behavior is the Young Netherlands Twin Register
(Y-NTR; Boomsma et al., 2006). The Y-NTR includes data on twins from
birth to age 12 and uses a multiple informant design including reports
from mother, father, child, and teacher. The inclusion of data from more
than one informant is important because children’s behavior tends to vary
across settings. Thus, the behavior that a parent may see and report on is
likely to be different than that reported by teachers and child self-reports
should include behavior across multiple settings. Data from multiple set-
tings and multiple raters, therefore, provide the most valid measurement
of behavior (Scourfield, Van den Bree, Martin, & McGuffin, 2004). Findings
from the Y-NTR on the development of problem behaviors from ages 3 to
12 showed that, for all behavioral phenotypes examined, additive genetic
influences explained the bulk of the individual differences. Moreover,
genetic influences on constructs like aggression showed a great deal of
change throughout development with the proportion of genetic influences
both increasing and decreasing and new genetic influences contributing
to the variance over time. On the other hand, the genetic influences on
attention problems were relatively stable across development with little
evidence of new genetic influences contributing through the developmental
period studied (Bartels et al., 2007). The broad construct of externalizing
behavior stability was explained by additive genetic transmission, which
accounted for much of the stability over time for boys and for girls (Bartels
et al., 2004).

Genetic and environmental processes in the stability and change of
aggression from early childhood to adolescence were examined in the
Y-NTR sample by testing whether the sources of genetic variation were
similar between the ages of 3 and 12 (Bartels et al., 2003; van Beijsterveldt,
Bartels, Hudziak, & Boomsma, 2003). Using a simplex model (Loehlin,
1996), aggression was found to be a highly stable behavior from ages 3 to
12 and was largely accounted for by genetic factors (van Beijsterveldt et al.,
2003). The results indicated an underlying mechanism of genetic effects
and suggested “a dynamic developmental process consisting of transmis-
sion of existing genetic effects interacting with new genetic influences”
(van Beijsterveldt et al., 2003, p. 601). Moreover, at age 7, a period in
which children undergo many developmental transitions, the influence
of new genetic factors was found to be large (van Beijsterveldt et al.,
2003).

It has been well established that aggression, a core feature of both
CD and ASB, endures into adulthood (van Beijsterveldt et al., 2003) and
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runs in families (Miles & Carey, 1997). Twin studies examining genetic
and environmental influences on childhood aggression have, however,
yielded somewhat inconsistent findings (Miles & Carey, 1997). Some stud-
ies report large genetic effects (Gottesman, 1963; Lichtenstein, Tuvblad,
Larsson, & Carlstrom, 2007) while others find little evidence of genetic
influence on aggressive behavior (Reznikoff & Honeyman, 1967; Owen &
Sines, 1970). A meta-analysis of studies examining genetic and environ-
mental influences on aggressive behavior found an overall genetic effect
that accounted for up to 50% of the variance in aggression (Miles & Carey,
1997). Additionally, both genetic and common environmental factors influ-
enced aggression among individuals younger than 18. However, from age
18 and older the influence of common environmental factors was found
to be insignificant and only genetic influences were found to be signifi-
cant, indicating that the heritability of aggression varies with age (Miles &
Carey, 1997).

More recently, other genetically informed studies have examined
childhood conduct problems longitudinally (Tackett et al., 2005). The
Cardiff Study of All Wales and North England Twins (CaStANET; van den
Bree et al., 2007) is a sample derived from a population-based twin reg-
istry in which conduct problems of children between the ages of 5 and
17 were examined through the use of parent, teacher, and self-reports.
The results of this study were consistent with findings from other lon-
gitudinal twin studies with evidence of genetic influences on childhood
externalizing problems based on reports from all three informants. When
combining parent, teacher, and self-reports on conduct problems, it was
found that a common underlying phenotype of pervasive conduct prob-
lems could be identified. This underlying phenotype was wholly explained
by genetic influences (van den Bree et al., 2007).

It is also possible to examine genetic and environmental influences on
the covariation of constructs. This allows for a better understanding of how
the components of a behavior operate together and are, or are not, distinct
from one another. Dick and colleagues (2005) examined genetic and envi-
ronmental contributions to comorbitity among ADHD, oppositional defiant
disorder (ODD), and CD in a sample of Finnish twins. It was concluded
that covariation among these disorders is largely attributed to shared
genetic influences, while shared environmental effects were generally non-
significant. A study of 11-year-old twins from the Minnesota Twin Family
Study, which also examined the comorbidity of ADHD, CD, and ODD,
found that although genetic factors account for a large portion of variance
in each individual disorder, covariation among the disorders could largely
be attributed to a single shared environmental factor (Burt et al., 2001).
This finding led Burt and colleagues to conclude that a common environ-
mental vulnerability is responsible for the covariation among the three
externalizing disorders. A follow-up study conducted by the same group
examined whether parent-child conflict is associated with the comorbid-
ity among ADHD, ODD, and CD (Burt et al., 2003). Parent—child conflict
accounted for 33% of the covariation among these constructs and most
of this covariation was due to genetic factors, although shared environ-
mental factors were still significant. Results concluded that parent-child
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conflict seems to serve as a common vulnerability which increases risk for
the development of multiple childhood externalizing disorders.

Numerous other twin studies have examined childhood externaliz-
ing behaviors such as the Swedish Twin study of Child and Adolescent
Development (TCHAD; Lichtenstein et al., 2007), the Finnish Population
Register Center (FinnTwinl6-25; Viken, Kaprio, & Rose, 2007), and
the Wisconsin Twin Panel (WTP; Goldsmith, Lemery-Chalfant, Schmidt,
Arneson, & Schmidt, 2007). Twins studies of childhood externalizing psy-
chopathology are largely in agreement that genetic factors are relevant
in the development, stability, and change of such disorders. In addition,
shared environmental factors impacting the development of externalizing
problems are most important during childhood and adolescence while they
contribute less in adulthood.

Understanding genetic and environmental sources of variation across
the life span provides information regarding distinct developmental pat-
terns which do not emerge in phenotypic analyses alone. The age of
children matters for most phenotypes that have been examined; esti-
mates of the influences of genetic factors vary across development. This
suggests that genetic and environmental influences play different roles
across various developmental periods. It is important to note that dif-
ferences across studies in the relative weight assigned to genes and
environment suggest that while genes and environment play obvious
roles in development of pathology, researchers have yet to fully under-
stand their interplay. Furthermore, having multiple informants report on
child behavior provides better insight into the behavior in question as
well as allows for the magnitude of rater-specific effects to be estimated.
Overall, results from twin studies have generally converged on the find-
ing that genetic influences are important to many childhood externalizing
behaviors.

ADOPTION STUDIES

An adoption study is another natural experiment or quasi-
experimental design that is used in behavioral genetic research. In twin
and family studies, it is difficult to distinguish between genetic and shared
environmental effects because family members share both genes and envi-
ronment. One way to remove the confounding influence of shared genes
and environment is to compare individuals with the same degree of genetic
similarity across different environments. The adoption design is one such
powerful method for estimating genetic and environmental effects and
understanding the role that environment has on childhood psychiatric
disorders (see Haugaard & Hazan, 2003, for review).

There are several different types of adoption studies. In the most com-
mon, an adoptee is compared with both his adoptive parents and birth
parents on the construct of interest (e.g., Cadoret et al., 1990; Leve et al.,
2007). If there is a significant correlation between the adoptee and his
adoptive parents, shared environmental influences are suggested since an
adoptee shares no genes with his adoptive parents. Genetic influences
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are indicated if there is a correlation between the adopted child’s behav-
ioral phenotype and his birth parent(s) because the child shares exactly
half of his genes with his birth parent(s) but is not being reared by them:;
thus there are no shared environmental influences. Effects of the family
climate on a biological child’s outcome may be due to environmental
and/or genetic influences in non-adoptive families where the birth parents
are rearing their biological child. However, in adoptive families, adop-
tive parents and the adopted child share only the family environment,
not genes; thus any direct influence of the adoptive parents on the child
must be due to environmental factors. Adoptive and non-adoptive fam-
ilies can be compared in a way similar to comparing MZ and DZ twins
in order to estimate genetic and environmental influences. Specifically, if
the correlation between a family factor (such as marital conflict) and child
outcome (such as CD) is greater in non-adoptive families than in adop-
tive families, genetic influences are indicated. If, on the other hand, the
correlations are nonzero and approximately the same for the two groups,
shared environmental influences are suggested.

Genetic and environmental factors influencing the development of
ASB and other problem behaviors have long been a focus of adoption
research. For example, (Cadoret et al. 1990) found that adult adoptees
with a birth parent with a criminal background who were then placed
into lower socioeconomic status (SES) homes had particularly high rates
of ASB as adults. An adoption study report by Ge et al. (1996) explored
genetic contributions on family environment as evoked by the child.
Results indicated that adolescents whose biological parents had two or
more disorders displayed significantly greater levels of hostile behaviors
as compared to children whose birth parents had no disorders (Ge et al.,
1996). This was found to be true as rated by adoptive parents, observers,
and clinicians, but not for the child’s self-reported antisocial and hostile
behavior, and supports the presence of genetic influence on child behav-
ior. It is also worth noting that the effects were larger for children whose
birth parents had more than one disorder, suggesting that comorbidity in
birth parents increases the genetic risk to the child.

Adoption designs rely on the assumption that adoptees are randomly
placed with adoptive families who are no more similar to their birth fami-
lies in relevant characteristics than would be expected at random. In other
words, the children have not been selectively placed in households partic-
ularly “like” their birth families. If children are not selectively placed, once
intrauterine factors and exposure to environmental toxins have been con-
sidered, any similarities between an adoptive child and their birth parents
can be assumed to result from genetic factors (Leve et al., 2007). It is pos-
sible to ascertain the influence of selective placement if both adoptive and
birth parent information is available. Research that has examined char-
acteristics of adoptive and birth parents of individuals adopted at birth
has found little evidence for the impact of selective placement (Defries,
Plomin, & Fulker, 1994).

The Early Growth and Development Study (EGDS) is a prospective
adoption study of adopted children, their birth parents, and adoptive par-
ents (Leve et al., 2007). The primary aims of the study are to disentangle
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the effects of genes, prenatal drug exposure, and the postnatal rear-
ing environment. More specifically, various family processes are explored
to examine how they mediate or moderate genetic expression of vari-
ous behavioral and psychological characteristics. Non-genetic longitudinal
studies have found that temperamental characteristics in children as
young as 3 years of age predict severe ASB and other externalizing behav-
iors at age 21 (Caspi et al., 1997; Newman, Caspi, Moffitt, & Silva, 1997).
Because the EGDS has obtained detailed and longitudinal data on birth
parents as well as on adopted children and adoptive families, the study
will be able to examine early precursors to problematic developmental
trajectories in children at risk for early conduct disorder and antisocial
behavior. Ultimately, this will aid in the identification of aspects of the
family environment that have potential to serve as targets in prevention
and intervention efforts (Leve et al., 2007).

As noted in the section on twin designs, the accurate description
and understanding of the etiology of externalizing disorders like ASB,
CD, and ADHD is critical especially given the findings that genetic and
environmental contributions differ depending on the pattern of symptoms
(Hann & Borek, 2001). Adoption studies provide evidence for complex rela-
tionships among genetic and environmental factors and help to advance
our understanding of the impact of shared environmental factors on
childhood externalizing disorders. Adoption designs are also critical for
understanding gene-environment correlation, discussed in detail below.

COMBINATION STUDIES

The three approaches typically employed in quantitative genetic
research can be combined in various ways into designs that capitalize
on the advantages and address the shortcomings of each. A hybrid of
twin and adoption designs — the twin/adoption design - is one such com-
bination. Through the use of twin/adoption design the power of a twin
design to estimate genetic influences is combined with the power of an
adoption design to estimate shared environmental influences. To date,
there have been at least three studies that have used such designs: the
Swedish Adoption/Twin Study of Aging (SATSA; Charles, Gatz, Pedersen,
& Dahlberg, 1999), a subset of the Swedish Twin Registry, the Minnesota
Study Twins Reared Apart (MISTRA; DilLalla, Carey, Gottesman, &
Bouchard, 1996), and a study of Finnish twins reared apart (Langinvainio,
Koskenvuo, Kaprio, & Sistonen, 1984). All of these studies have found that
for most personality and cognitive ability constructs examined, genetic
influences predominated (Bouchard, Lykken, McGue, Segal, & Tellegen,
1990; Pedersen, Plomin, McClearn, & Friberg, 1988; Tellegen et al., 1988).
It is worth noting, however, that in all cases these were research sam-
ples recruited and assessed during adulthood when shared environmental
influences are known, from longitudinal work, to have less of a direct
impact. It is, however, becoming increasingly difficult to obtain a sample
of twins adopted apart at birth.
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A second type of combination design may include twins and their
siblings in the same sample. This type of design helps to maximize the
potential generalizability of the findings as any special twin effects can be
estimated directly. It is important that spurious differences between the
nontwin sibling pairs be minimized in order to ensure that the twin and
nontwin groups are as similar as possible. A variation on this design is
to include the siblings of twins in the study sample. Both types of com-
bination designs increase the power and generalizability of the studies
(Neiderhiser, Reiss, & Hetherington, 2007). Presently, there have been only
a few studies that have extended the traditional twin design by including
additional sibling types either within the same family or from different
families.

One such study is the Nonshared Environment in Adolescent
Development project (NEAD; O’Conner, McGuire et al., 1998; Reiss et al.,
2000; Neiderhiser et al., 2007). NEAD is a nationwide longitudinal study of
twins and siblings in two parent families (including nondivorced and step
families) assessed at three separate time points: middle adolescence, late
adolescence, and young adulthood (Loehlin, Neiderhiser, & Reiss, 2005;
Reiss et al., 1995). In general, findings from NEAD have been consis-
tent with those from twin and adoption designs. One exception to this
is that the estimates of genetic influences on ASB have consistently been
higher in NEAD than in other reports (e.g., Reiss et al., 2000). Because
NEAD used a multi-method, multi-rater approach and created composites
across measures and raters, the composite of ASB utilized represents a
cross-situational set of behaviors and thus is likely to be more heritable
(Saudino & Plomin, 2007).

There has been a wealth of empirical work resulting from NEAD con-
cerning childhood adjustment and externalizing disorders. For example,
the genetic and environmental effects on the association between problem
solving and ASB were estimated and it was found that while ASB demon-
strated genetic influences, problem solving did not (Spotts, Neiderhiser,
Hetherington, & Reiss, 2001). Additionally, shared environmental influ-
ences were found for both as well as for their association (Spotts et al.,
2001). A second finding concerns the co-occurring nature of ASB and
depression. (O’Connor et al. 1998) found that genetic influences accounted
for the stability of ASB and depression over a 3-year period. Moreover, the
co-occurrence of these two disorders was found to be mediated by genetic
factors.

Other findings from NEAD concern the covariation between parenting
and child adjustment and have found that genetic influences were signifi-
cant for the cross-lagged association between adolescent adjustment and
parenting from middle adolescence to late adolescence (Neiderhiser, Reiss,
Hetherington, & Plomin, 1999). Furthermore, the associations between
marriage and parenting constructs and child adjustment and maladjust-
ment have also been found to be significantly influenced by genetic and
environmental factors (Neiderhiser et al., 2007; Reiss et al., 2000).

There are at least two other studies that have used an extended
twin/family design. One of the largest is the National Longitudinal Study
of Adolescent Health (Add Health; Beaver et al., 2007a; Harris, Halpern,
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Smolen, & Haberstick, 2006). Add Health is similar in design to NEAD
with twins and nontwin siblings in a variety of family settings, although
Add Health also includes cousin pairs. To date there have been only a
few reports from Add Health examining genetic substrates of externaliz-
ing behaviors. Beaver and colleagues (2007a) examined the genetic origins
to adolescent victimization by aggressive peers and found a genetic pre-
disposition that significantly increased the chances that an adolescent
would be the victim of a crime. A second study also found evidence that
genetic factors influenced the development of CD and adult ASB in males
(Beaver et al., 2007b). A final study has employed an extended twin/family
design focused on parenting (Losoya, Callor, Rowe, & Goldsmith, 1997)
and found genetic influences on measures of the family environment and
a relationship between child-rearing practices and parent personality.

Adoption and sibling studies can also be combined into a sib-
ling/adoption design. Such studies include adopted and non-adoptive
sibling pairs enabling another direct test of shared environmental influ-
ences. Specifically, if adoptive sibling pairs are correlated at all, shared
environmental influences are indicated. The degree to which non-adoptive
sibling pairs are correlated more than adoptive sibling pairs estimates
genetic influences as non-adoptive siblings share 50% of their segregat-
ing genes (on average) and adoptive siblings share none. The Colorado
Adoption Project (CAP) is one such study (Rende, Slomkowski, Stocker,
Fulker, & Plomin, 1992; Plomin & DeFries, 1985) that examined genetic
and environmental influences on various childhood externalizing disor-
ders (Braungart-Rieker, Rende, Plomin, DeFries, & Fulker, 1995; Coon,
Carey, Corley, & Fulker, 1992; Rende & Plomin, 1992). Gelhorn and
colleagues (2005) examined the heritability of individual symptoms of
CD within the CAP. In general, results showed that levels of genetic
and environmental contributions to different symptoms of CD varied.
Moreover, moderate to substantial levels of genetic influences were found
for many items, while the magnitude of shared environmental influences
was modest to moderate.

There have been numerous other studies which used extended
behavioral genetic design frameworks to estimate genetic and environ-
mental influences on family processes and child maladjustment. The
Twin/Offspring Study in Sweden (TOSS; Neiderhiser & Lichtenstein, in
press; Reiss et al., 2001) was intended, in part, as a parent-based comple-
ment to the child-based NEAD study and is a combination study in that
it includes both twins who are parents as well as one child of each mem-
ber of the twin pair. The Australian National Health and Medical Research
Council Twin Registry (ATR; Mendle et al., 2006; Slutske et al., 1997) is
a longitudinal study of health and behavior of twin mothers and their
offspring in an attempt to delineate the intergenerational transmission of
psychopathology and maladjustment associated with divorce. The Virginia
30,000 (Truett et al., 1994) is a study of multiple family members includ-
ing MZ and DZ twins, and their spouses, parents, siblings, and children.
The Netherlands Twin Family Study of Anxious Depression (NETSAD;
Boomsma et al., 2000) is a longitudinal behavioral genetic study of ado-
lescent and young adult twins, their parents, and their siblings which
examines anxious, depressive, and personality traits.
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Taken together, these findings support that combining aspects of the
various types of behavior genetic studies, such as adding siblings as they
naturally occur in families, is a method that both increases the power
of studies and allows for additional conclusions to be drawn from such
studies. Additionally, it provides some significant insights into the com-
plex interplay between nature and nurture as well as helps to identify
sources of human variation. Interestingly, some of the most important
findings from behavioral genetic studies concern sources of environmen-
tal influence and therefore have important implications for prevention
and intervention programs targeted at treating childhood externalizing
disorders.

GENE-ENVIRONMENT CORRELATION AND INTERACTION

Research and theory suggest that genes and environment are inter-
twined in their shaping of individual development, particularly in families
where both genes and aspects of the environment are usually shared by
family members. Clinicians and researchers agree that a child’s personal
characteristics help to shape the environment around them and that par-
ents’ personal characteristics and behaviors form a substantial part of the
child’s environment as well. It is becoming more and more evident that
our conceptualization of genetic or environmental causes and risk factors
may have excluded the possibility of more complex gene and environment
action and coaction. Several possible mechanisms of interplay between
genes and environment have been described in terms of gene-environment
correlation (rGE) and gene by environment (GxE) interaction, which will
be discussed in turn below (Caspi et al., 2002; Rutter, Moffitt, & Caspi,
2006). In the past, these mechanisms were largely ignored for both theo-
retical reasons and due to computational limitations. However, theory and
the definition of rGE and GxE interaction have evolved and expanded to
consider these mechanisms as likely rather than assuming them to be
rare or absent. Luckily, advances in statistical modeling and the increas-
ing sample sizes in twin, family, and adoption studies have also made it
possible to begin disentangling the etiologies of normative and pathological
development in terms of gene and environment interplay.

With rGE, heritable characteristics covary with exposure to aspects of
the environment. Thus, purportedly “environmental” variables may appear
heritable because of this association. The presence of rGE is thought to
account for heritability found in measured factors like SES or negative
life events (Kendler & Baker, 2007; Lichtenstein, Pedersen, & McClearn,
1992). In general, three forms of rGE have been explored in family
research: passive, active, and evocative (Plomin, DeFries, & Loehlin, 1977;
Scarr & McCartney, 1988). Passive rGE results from biological family
members sharing both genes and environments. This might be best con-
ceptualized using personality characteristics, which have demonstrated
significant genetic influences. A parent may exhibit genetically influenced
personality traits of negativity and aggression; their child, therefore, may
engage in rule breaking and aggressive behavior due to both shared
genetic influence on personality and the negative, antisocial environment
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created by the parent. When an individual seeks out and actively selects
environments that correlate with their genetically influenced character-
istics, the result is termed active rGE. Active rGE may be seen when a
child who is genetically predisposed to externalizing behaviors seeks out
peers who also engage in and reinforce problem behaviors, thereby actively
selecting an environment that correlates with his genetically influenced
characteristics. The third type of rGE, evocative, is of particular interest
to the understanding of family and social processes. Evocative rGE occurs
when an individual’s genetically influenced characteristics or behaviors
elicit reactions from others. In other words, it is the association between
a person’s genetically influenced behaviors and the reaction of others to
this behavior (Jaffee & Price, 2007).

It is easy to imagine this happening within different subsystems of the
family: a warm, sociable child may elicit supportive and warm reactions
from parents; conversely, a highly irritable child may inadvertently elicit
harsher responses and rejection from parents and siblings. Likewise, this
reciprocal process has been noted among peers where a child’s (possibly
genetically influenced) behaviors or personal characteristics elicit support
or rejection from other children.

Identifying rGE has been somewhat challenging. For instance, con-
sider a child-based (children vary in genetic relatedness) combination
family study that indicates a strong genetic influence on the association
between negativity in the parent-child relationship and conduct disor-
der in the child. Because child-based twin and family designs detect the
influence of the child’s genes, it might be tempting to interpret these
findings as support for the child’s heritable characteristics as the main
vehicle for genetic influences on both negativity in the parent-child rela-
tionship (i.e., some characteristic in the child evokes a negative response
from the parent/environment; evocative rGE) and the child’s behavior dis-
order. However, because children also receive 50% of their genes from
each parent, a child-based design is unable to decisively disentangle
passive from evocative rGE for parenting; the finding may also be due
to shared genetic characteristics of the parent and child (Ulbricht &
Neiderhiser, 2009). Findings from genetically informed family studies indi-
cate that child-based designs and parent-based designs (parents vary
in genetic relatedness) considered together are valuable for beginning to
clarify different mechanisms for genetic influence on family relationships
(Neiderhiser et al., 2004; 2007; Rutter et al., 2006).

Adoption studies are useful for disentangling types of rGE because
they control for passive rGE; adoptive children do not share genes with
the parents providing their environment; thus passive rGE cannot explain
child behavior. However, additional considerations need to be made with
adoption studies, such as the amount of variability in the adoptive fam-
ilies; adoptive parents very often go through rigorous evaluation before
being approved for an adoption placement. As a result, when an adop-
tion design includes a sample of biological parents rearing their own
children who are matched to the adoptive parents, this approach can
be somewhat biased toward finding passive rGE because of the greater
variation in the parenting environments found in the larger population of
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non-adoptive families than in the more restricted population of adoptive
families (Stoolmiller, 1999). However, subsequent reports directly testing
Stoolmiller’s theory have found that there is adequate variation in adoptive
families (McGue et al., 2007).

Another way of estimating rGE is to employ within family
comparisons - thus eliminating the confounding factor of between
family variation — by comparing biological and adoptive children in the
same household (Rutter & Silberg, 2002). Researchers may also use the
children-of-twins (CoT) design to disentangle genetic and environmental
influences and to specify rGE (Silberg & Eaves, 2004). The rationale for
this methodology is discussed briefly below. A more detailed discussion
of the logic of the CoT design can be found elsewhere (D’Onofrio et al.,
2003). In this design, a twin mother or father, twin aunt or uncle, and
target child are evaluated. Using twin mothers as an example, if the twin
aunt’s parenting is related as strongly to the child’s antisocial behavior as
the twin mother’s parenting, a passive rGE effect is present; however, if
the twin mother’s parenting is more highly correlated with the child’s ASB
then direct environmental effects are supported (Moffitt, Caspi, & Rutter,
2005). Several studies have employed the CoT design to examine aspects of
child mental health besides ASB (e.g., D’Onofrio et al., 2006; Lynch et al.,
2006; Mendle et al., 2006). However, one study in particular addresses the
topic areas that are the focus of this chapter.

Harden et al. (2007) utilized the CoT design with a subsample from
the Australian Twin Registry to examine the genetic and environmental
influences on the association between marital conflict and child conduct
problems. Results suggested that, at least in part, marital conflict’s associ-
ation with child conduct problems is due to the child’s inheritance factors
that influence both marital conflict and conduct problems: passive rGE.
However, the authors note that this finding does not rule out the pos-
sibility that the genetic factors, rather than being directly associated to
parent and child behavior, may instead increase the child’s vulnerability
to the adverse environment of marital conflict: GxE interaction (Harden
et al., 2007). There is also an extended children-of-twins approach (ECoT)
which, by adding a sample of twin children and their parents to a sample
of twin parents and their children, enables the direct estimation of passive
and evocative rGE as well as the direct environmental influences of the
parents on the children (Narusyte et al., 2008).

As mentioned previously, evocative rGE is indicated by genetic influ-
ences on parenting in a child-based design and will emerge as shared
and/or nonshared environmental influences in a parent-based design
(Neiderhiser et al., 2004; Ulbricht & Neiderhiser, 2009). Evocative rGE
effects on parenting behaviors have been noted in several twin and sibling
family designs; the evidence is made stronger by the use of observational
and multi-informant measures of parenting to reduce the impact of pas-
sive rGE in the form of perceptual bias (Reiss et al., 2000; Rende et al.,
1992; Deater-Deckard, Fulker, & Plomin, 1999; Neiderhiser et al., 2004).
An extension of the adoption research design to include more birth parent
information is also useful in identifying evocative rGE in the development
of externalizing behaviors. In such a design, an adoptee’s genetic risk
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for aggression is established through the biological parent’s aggressive
behavior or diagnoses; the child’s behavior and adoptive parent’s par-
enting are also assessed. Results from three such studies indicate that
children who have birth parents who are high on aggressive and anti-
social behavior receive more discipline and control (negative parenting)
than children who have birth parents who are low on aggressive and anti-
social behavior (Ge et al., 1996; O’Connor et al., 1998; Riggins-Caspers,
Cadoret, Knutson, & Langehn, 2003). Researchers with EGDS are cur-
rently collecting data using a prospective, longitudinal adoption study
that includes birth parents and adoptive families (Leve et al., 2007). Even
more intriguing, these studies also indicate that it is the child’s geneti-
cally influenced aggressive behaviors that serve as a mediator or pathway
between birth parent factors (genetic risk) and adoptive parenting envi-
ronment. This effect has also been identified in at least one twin sample
of adolescents (Narustye, Andershed, Neiderhiser, & Lichtenstein, 2007).
Interestingly, active rGE has not been examined in the same detail as pas-
sive and evocative rGE. Recall that active rGE includes processes by which
a child’s genetically influenced characteristics or behaviors lead them to
seek out elements of the environment that match their genotype (Rutter &
Silberg, 2002). Active rGE processes are potentially very important to
understanding continuity, change, and course of ASB across development.
Active rGE can increase a child’s likelihood of coming into contact with
risky environments; responses to environmental factors may involve GXE
interactions. One explanation for the lack of detailed study into active rGE
is the difficulty of disentangling active from evocative rGE outside of an
experimental design. As the vast majority of research in this area uses
quasi-experimental and naturalistic designs, with a focus on question-
naires and behavioral observation, it has not been possible to consider
active rGE influences.

GxE interaction has been defined in a number of different ways
over the past 20 years, contributing to confusion over exactly what
genotype x environment interaction involves. Most broadly, GXE stud-
ies focus on how the environment (including the social environment
like interpersonal and family relationships) responds to genetic influ-
ence and, likewise, how genetic influences may shape the environment
(Reiss & Leve, 2007). In GxE, variation in the sensitivity of the envi-
ronment to genetically influenced behaviors and genetically influenced
variations in sensitivity to the environment provide avenues for both risk
and resilience over the course of development (Neiderhiser, 2001). GXE
interaction may be able to explain some phenomena such as differen-
tial reactions to adversity or even differential effectiveness of prevention
and intervention techniques (Bakermans-Kranenburg, VanlJzendoorn,
Pijlman, Mesman, & Juffer, 2008; O’Connor, 2006). Much of the initial
and exciting research focused on GxE interaction concerned a specific
gene or set of genes conveying risk or protection in the face of adverse
environments. A more thorough discussion of these molecular genetic
approaches can be found elsewhere (Lander & Schork, 2006; Neiderhiser,
2001; Plomin, Owen, & McGuffin, 1994); however, initial findings for
molecular GxE interaction in the development of child ASB have served
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as a basis for more recent quantitative findings and are discussed briefly
below.

Caspi et al. (2002) addressed the question “Why does child maltreat-
ment lead to antisocial behavior in some but not others?” The candidate
gene chosen was one that codes for an enzyme that breaks down neu-
rotransmitters, monoamine oxidase A (MAOA). Results indicated that
individuals with a form of the gene that resulted in high levels of MAOA
expression were less likely to develop antisocial behaviors in the presence
of child maltreatment than individuals with a different polymorphism of
the MAOA gene (Caspi et al., 2002). These differences in antisocial behav-
ior and conduct disorder were most evident in the presence of severe
maltreatment; children with different polymorphisms demonstrated gen-
erally the same amounts of ASB and CD in the absence of maltreatment
(Caspi et al., 2002). This study provides support for the notion that specific
genes can influence a child’s sensitivity to his or her environment in regard
to mental health and behavioral outcomes. However, while links between
the MAOA genes and child behavior problems have been replicated (e.g.,
Foley et al., 2004) there have also been a number of non-replications (e.g.,
Young et al., 2006). While not discounting the role of genes in general,
this pattern of findings supports the likely role of several genes with small
effect and/or the presence of subtypes within broader psychopatholo-
gies that may reflect the actions of different genes (Reiss & Leve, 2007).
Likewise, a limitation to the use of candidate genes in searching for GXE
interaction is the small number of known candidate genes as well as the
cost of collecting and analyzing DNA samples from participants in studies
(though this cost is decreasing).

Furthermore, molecular genetic studies do not generally consider rGE
in their analyses, a major limitation when the role of rGE is likely to
be important to understanding the interplay of genetic and environmen-
tal influences on complex behaviors (Jaffee & Price, 2007; Reiss & Leve,
2007). Recall that rGE “reflects differences in exposure to particular envi-
ronments” (p. 2) and that the differences in exposure are likely mediated
by behaviors rather than the result of direct genetic effect (Jaffee & Price,
2007). By not considering this behavioral step between measured genes
and outcome, a crucial piece of the puzzle is missing. This limitation is
even more pertinent when considering the roles of genes and environ-
ment within family systems where individuals have common elements of
both genes and environment (Eaves, Silberg, & Erkanli, 2003). In families,
genes common to parent and child may impact “environmental” condi-
tions through the behaviors of either or both individuals. However, there
is another approach that uses genetically informative twin and family or
adoption studies to estimate what amounts to a genotype by environment
interaction. This genotype x E interaction reflects more of an anonymous
genetic influence on the environment rather than the impact of a specific
candidate gene. For example, Kim-Cohen and colleagues (2004) used a
twin design to find that children’s resilience in the face of socioeconomic
deprivation was influenced both by heritable traits like temperament and
by family processes such as maternal warmth and pleasant activities.
Button and colleagues (2005) also found that most of the variation in ASB
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found in the CaStANET sample was accounted for by the child’s genes and
their interaction with family disharmony.

In general, researchers and theorists have discussed six types of
GxE interaction in the etiology of psychopathology (Neiderhiser, 2001;
Cadoret, Yates, Troughton, Woodworth, & Stewart, 1995; Kendler et al.,
2005; Tienari, 1991). Type 1 involves increased risk for a certain pheno-
type only when both genetic and environmental risk factors are present.
In this situation, neither genotype nor environment alone is sufficient
to cause the disorder. An example in terms of conduct disorder would
be if parental rejection (environment) along with a certain genetic pro-
file were highly associated with externalizing behavior but neither the
profile nor the parental rejection was linked to problem behavior in the
absence of the other. Type 1 GxE interactions are the typical targets
of quantitative genetic studies of gene-environment interplay. A recent
analysis of the NEAD sample found an interaction between the child’s
genetically influenced ASB and parental negativity such that the genetic
influence on adolescent ASB was greater when there was more parental
negativity (Feinberg, Button, Neiderhiser, Reiss, & Hetherington, 2007).
Utilizing a relatively recent advancement in analytic strategy (Purcell,
2002), researchers were able to statistically control for rGE, providing a
clearer picture of the relationship among a child’s genes, behavior, and
parenting environment (Feinberg et al., 2007).

In Type 2, environmental influences alone are enough to increase risk,
without presence of corresponding genetic risk. This situation would be
suggested if all children in one classroom or school exhibited the same
disordered behavior, regardless of genetic profile. Alternatively, a Type 3
effect occurs when genetic influence increases phenotypic risk, even in
the absence of environmental risk factors. Thus a child with a specific
set of genes would be at increased risk of developing conduct disorder,
regardless of the quality or variations in the environment. Type 2 and
Type 3 effects are not exactly GxE interactions per se, as the term is gen-
erally defined; rather, they could be more clearly described as responses
to environmental or genetic risk factors, respectively. They are included in
this discussion because effects such as these are plausible and should be
considered when examining the etiology of psychopathology (Neiderhiser,
2001).

In Type 4 GxE interactions, genes and environment each contribute
to risk independently (additively). This would be implicated if children in
a certain neighborhood were at increased risk for developing a behavior
disorder and children with a certain genotype were at increased risk for
developing the behavior disorder but children who were both in the neigh-
borhood and had a certain genetic profile were at the most risk. In Types
5 and 6, a certain genotype becomes either a protective factor (Type 5)
or a risk factor (Type 6) for psychopathology, depending on the environ-
ment. This idea seems somewhat counterintuitive, but when we consider
the broad variation in environments, it makes sense that traits may be
adaptive in some situations but cause discord in others.

Over the past 10 years, researchers have placed increasing focus
on identifying GxE interactions in the development and course of
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externalizing behavior. A number of comprehensive reviews and meta-
analyses are available (i.e., Jaffee & Price, 2007; Rutter et al., 2006; Moffitt
et al., 2005; Kim-Cohen et al., 2006), though only broad findings and a
few individual studies have been discussed here. Identification of rGE and
GxE in the etiology of childhood psychiatric disorders has importance
in the development of both treatments and preventions (Jaffee & Price,
2007). Much of the trepidation that has historically surrounded behav-
ioral genetic research has understandably stemmed from concern that
finding conditions to be genetically based may contribute to victim blam-
ing and deterministic views of psychopathology (i.e., if a disorder is caused
by genes, there is no external/environmental intervention to address it).
However, the interpretation of behavioral genetic findings of rGE and GxXE
can have a seemingly contradictory conclusion. Jaffee and Price (2007)
point out that, if genes and environment work reciprocally to influence
pathology, the outcomes of even highly heritable disorders may be altered
by environmental intervention. Essentially, genetically informed studies
have the potential to remove the confounding — and difficult to address —
genetic factors that can cloud the causal pathway between environmen-
tal factors and pathology (Moffitt et al., 2005). Furthermore, Reiss and
Leve (2007) propose that findings of GXE interaction in developmental
psychopathology suggest a social mediation pathway for genetic effects
that provide “environmental” targets for focused interventions that may
alter the social environment’s response to heritable characteristics, thus
reducing the effects of genetic risk.

CONCLUSIONS AND FUTURE DIRECTIONS

Quantitative genetic studies provide information that is central to the
development of models of developmental processes. This information can
be used to expand our understanding of how children with a certain set of
characteristics and genes develop both adaptive and maladaptive behav-
iors as a function of environmental influences. Such studies have also
allowed researchers to test the direction of the associations between par-
enting and child adjustment (Narusyte et al., 2008), thus furthering our
understanding of how parenting and family processes interact with unique
child characteristics to impact the development of problem behaviors.
Findings from behavioral genetics research can be used to inform preven-
tive interventions designed to improve the mental health and well-being of
children (Leve et al., 2008).

Twin, adoption, and combination designs are used to estimate the
effects of an individual’s entire genotype. However, such studies do not
reveal which genes are involved in the expression of behavior nor the
specific polymorphisms that are involved. Increasingly, researchers are
employing molecular genetic designs in which genes associated with
particular psychiatric disorders are located and identified. Both allelic
association and linkage studies utilize DNA markers involving variations
in DNA. Currently, there are thousands of DNA markers available. This
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allows researchers to locate genes that are causally connected with a dis-
order without knowledge of the specific mechanism involved in the gene’s
mode of expression.

Rapid advances in molecular genetics along with methodological
advances in behavioral genetic studies are allowing researchers to exam-
ine the interplay between genes and environment in ways that were not
previously possible (Neiderhiser & Lichtenstein, 2008). While the fields
of behavioral and molecular genetics are currently somewhat indepen-
dent, both approaches are increasingly being employed within single
research studies, thus providing the opportunity to examine the associ-
ations between specific polymorphisms and specific genetically influenced
behaviors throughout development. For example, a specific polymorphism
associated with phenotypic behaviors characteristic of ADHD can be iden-
tified, screened for, and considered in the treatment design. Different
approaches to analyzing and presenting effects of joint and independent
genetic and environmental risk factors have been suggested, including an
epidemiological approach that focuses on effect estimation rather than
model fitting (Botto & Khoury, 2001). Such analyses use discrete vari-
ables (such as presence or absence of the risk factor) to provide separate
odds ratio assessments of the effects of individual and joint risk conferred
by a certain genotype or exposure to environmental risk (Weiss, 2007).

This discussion also highlights the fact that the term “environment” in
rGE and GxE interaction in families has an increasingly complex meaning
beyond that of the traditional psychosocial concept of environment. There
is increasing evidence that one’s environment can moderate the expression
of genetic influences on psychopathology (Reiss & Leve, 2007). As this
issue is explored further, researchers must look at extreme conditions in
addition to “normative” samples as there may be different mechanisms at
play. The ability to identify and specify types of rGE, which currently few
studies are able to do, is an exciting new direction for behavioral genetic
research (Neiderhiser & Lichtenstein, 2008).

It is important to consider the implications that findings from behav-
ioral genetic studies have for preventive interventions for children with
externalizing disorders such as ASB, ADHD, and CD. It is often thought
that results are based on differences between groups of people. However,
heritability is a statistic that describes the contribution of genetic differ-
ences to observed differences among individuals in a particular population
at a particular time (Plomin, 1990). Findings can be used to create inter-
ventions, but these interventions must take into account the plethora of
influences that account for human behavior.

EGDS, for example, is a study which combines knowledge gained
from an adoption study design with knowledge gained from preven-
tive intervention trials to “inform the development of highly specified,
genetically informed preventive intervention trials” (Reiss & Leve, 2007,
p- 1020). By using this prospective and longitudinal approach that
includes and follows birth parents, adopted children, and adoptive fam-
ilies, the interplay between genes and environment through both rGE and
GxE can be examined with the intention of focusing on developmental
mechanisms.



CHILDHOOD GENE AND ENVIRONMENT EFFECTS 79

The field as a whole is moving toward merging knowledge across
various disciplines such that focused interventions will consider specific
genetic influences as well as environmentally mediated and environmen-
tally moderated effects on behavior. Such translational work will allow
results from quantitative and molecular genetic designs to be directly
applied to preventions and interventions designed to benefit children and
families (Reiss & Leve, 2007). Behavioral genetic studies that consider the
ways in which the combined effects of neurobiological processes, genetic
factors, and unique to the family environments together may result in
maladaptive trajectories of childhood externalizing disorders are becoming
increasingly popular.

Theory-based developmental models specifying genetic and environ-
mental influences on child psychopathology could someday be applied
to psychosocial interventions to modify the trajectories of adverse genetic
influences. Intervention models which take into account the multitude of
pathways by which genetic characteristics of a child may in turn impact
parenting and family processes will assist in the refinement of effective
interventions (Reiss & Leve, 2007). Moreover, identifying polymorphisms
associated with externalizing disorders in adolescence and adulthood, as
well as their behavioral presentation in toddlerhood and childhood (prior
to the onset of maladaptive behavior), will help in determining at what
age and in what ways to intervene and subsequently reduce the risk of the
development of psychopathology. Of course, the question remains whether
childhood psychopathology can be prevented by helping parents, teachers,
and clinicians respond in certain ways to heritable evocative characteris-
tics and genetically influenced behaviors. It seems likely that quantitative
and molecular genetic designs will assist in this process.
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INTRODUCTION

The clinical variability seen in a single, inherited genetic condition is
equally matched by the variability of the individual, as well as the fam-
ily’s response to it (O’'Daniel & McConkie-Rosell, 2006). As the practice
of medicine evolves beyond single gene and chromosomal disorders to
include genomics, this variability is magnified many times over. Medical
genomics involves the incorporation of risk associations, which are most
often based on the analysis of combinations of multiple genetic variants.
Patients, thus, may receive risk estimates (rather than genetic diag-
noses) for a range of health conditions and states including adverse drug
response and cancer recurrence. Although the magnitude and heritabil-
ity of risk varies significantly between medical genetics and genomics, the
basic tenets of genetic counseling can still apply.

Genetic counseling is a dynamic process that has more recently been
defined as helping people understand and adapt to the medical, psycho-
logical, and familial implications of genetic contributions to disease. This
process integrates the following;:
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e Interpretation of family and medical histories to assess the chance of
disease occurrence or recurrence

e Education about inheritance, testing, management, prevention,
resources, and research

e Counseling to promote informed choices and adaptation to the risk
or condition (National Society of Genetic Counselors’ Definition Task
Force Resta et al., 2006, p. 77)

One of the major objectives of genetic counseling is to facili-
tate adaptive coping through interventions designed to provide families
with the knowledge, skills, and resilient self-beliefs required to cope,
adjust, and affect control over their lives (McConkie-Rosell & Sullivan,
1999).

When a child is the focus of the genetic counseling, it is important to
consider the developmental concerns of the child as well as the adjustment
of the family. Just as children grow and change, so too does the meaning
and utilization of the genetic information available to both the child and
the family (McConkie-Rosell & O’Daniel, 2007). Like the clinician, par-
ents may also be concerned about the effect the genetic information will
have on their own or others’ perceptions of the child and on the child’s
ability to understand and positively utilize the information at an appropri-
ate time in the future. This is especially true in the case of genetics and
genomics where information is learned about individuals when they are a
child and which may not hold personal health implications until later on
in adulthood.

The purpose of this chapter is to describe the unique environment
of genetic and genomic risk information and testing in children and
their families and the processes of genetic counseling to help guide
families through it. Although most of the research and examples cited
herein are drawn from medical genetics, the concepts and themes are
very relevant in the application of genomics to broader health-related
concerns.

ROLE OF GENETIC COUNSELING

The primary purpose of genetic counseling for children and their fam-
ilies is to facilitate familial coping and adjustment to the genetic risk and
testing information. Much of the research on the emotional response,
health behaviors, and uptake of a genetic test has focused on individu-
als and an individual response to genetic information about single gene or
chromosomal disorders (Sorensen & Botkin, 2003). By its very nature,
however, genetics involves families. In order to construct a counseling
approach tailored to the needs of the family, genetic counselors must
first seek to understand the personal meaning that the genetic informa-
tion may have for the family as well as the unique family dynamics that
will affect the incorporation and response to the genetic information. This
is frequently done within the purview of a structured medical genetics
session.
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Structure of Medical Genetics Counseling Sessions

The typical components of a genetic counseling session(s) include (1)
contracting; (2) collection/review of family and medical history; (3) discus-
sion of clinical suspicion and findings; and (4) discussion/formulation of
the evaluation, diagnostic, or follow-up plan.

Contracting is the process of developing a joint agenda that merges
specific items the counselor wishes to address with those of the patient
and family. This process is meant to fully acknowledge that each group
may desire and require different information (Michie et al., 1998; Wang,
Gonzalez, & Merajver, 2004). Michie and colleagues (1997) suggest that
the majority of patient expectations fall into one of five categories: infor-
mation, explanation, reassurance, advice, and help in making decisions.
Further, these expectations are likely to shift based upon where the patient
may be in the genetic evaluation process (e.g., initial consultation, pre-
testing, post-testing, follow-up with or without known diagnosis) (Wang
et al., 2004). Initiating an open and inclusive dialogue is critical to estab-
lishing and building trust with the patient and family. This relationship is
essential to the necessary collection of private family health information
and the intricately personal attitudes, perceptions, and expectations the
family may have.

Through the collection of family medical histories the genetic coun-
selor is afforded the opportunity to explore the family’s experience with
the disease or clinical indication including the severity and perceived
burden of the disease, as well as beliefs regarding the transmission of
disease within the family including who is or is not at risk (Bennett,
Hampel, Mandell, & Marks, 2003). Misunderstandings and mispercep-
tions can be brought to light and addressed. Through this process of
family-centered discussion, the counseling will also elicit information
about emotional relationships which are crucial to the dissemination of
genetic risk information to at-risk family members.

The assimilated “family knowledge” including family health beliefs and
experiences is incorporated into the counselor’s dialogue, informing the
discussions regarding the clinical suspicion and ultimately developing a
plan that meets and addresses the agendas of the patient and family as
well as the genetics medical team. This intentional process aims to link the
new genetic information back to the family experience and expectations,
thus increasing the personal relevance of the genetic information for the
patient and family.

The structural framework of a genetic counseling session is thus
highly information focused — both in the elicitation and the exchange of
information. Beyond fulfilling the immediate medical need, this informa-
tional exchange and the manner in which it is performed are useful tools
to establish a framework for developing relationships with the patient
and family (McConkie-Rosell & O’Daniel, 2007). Based on this relation-
ship, genetic-related beliefs relevant to health and coping behaviors, such
as attached personal and familial meaning of the genetic information,
may be uncovered. Elucidating these beliefs may prove critical to the
integration of preventative health plans based upon, or reinforced by,
genomic risk information.
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Comprehension and Family Meaning of Genetic Health
Information

Genetic, and certainly genomic information, can be exceedingly com-
plex as it incorporates multiple layers of information about risk and/or
diagnosis, inheritance, and management strategies. For many patients
and families, not only is the information presented in unfamiliar terms,
but it may also be framed by the anxiety that led to the genetic/genomic
evaluation in the first place. Thus, special care needs to be given to word
choice as the phrasing may be repeated throughout the family and influ-
ence understanding and response to the information. Genetics concepts
are introduced and explained in an appropriate manner recognizing that
some terms have become associated with negative and/or incorrect con-
notations in the popular media such as “mutation,” “syndrome,” or even
“DNA test” (Bates, 2005; Bates, Lynch, Bevan, & Condit, 2005; Lanie et al.,
2004; McConkie-Rosell & O’Daniel, 2007; Silva, 2005). It may also be
important to distinguish different levels of risk. With single gene disorders,
this may include personal risks to develop various symptoms related to a
diagnosis as well as the risk for a child to be affected. Genomic health risks
may be based upon an a priori, “average individual” risk, which is modified
by the inclusion of additional genetic risk factors. Words like “increased,”
“decreased,” “at risk,” “high,” and “low” all have very different meanings
to each individual. To aid and promote patient and family understand-
ing, genetic counseling will often incorporate educational strategies such
as visual aids or conceptual analogies using familiar examples from the
family’s environment.

Beyond an understanding of the factual science and risk information,
comprehension of the genetic information will be informed by how the
information relates to the patient as an individual as well as a member of
their family (O’Daniel & McConkie-Rosell, 2006). Numerous and diverse
factors go into the construction of meaning such as the motivation for an
evaluation, perceptions of disease and/or risk severity, and beliefs and/or
misbeliefs regarding inheritance and causality. Exploration of underly-
ing health and genetic beliefs is essential to understanding what the new
genetic or genomic information may actually mean to the patient and fam-
ily and thus what they will remember, as well as how and whether they
will apply the information to their life. There may be family stories that
account for family-specific inheritance patterns which are used to support
a believed genetic status (Fanos & Gatti, 1999; Fanos & Johnson, 1995).
It is not uncommon for families to discuss health behaviors that they
believe may have influenced the expression of the disorder (Walter, Emery,
Braithwaite, & Marteau, 2004). These family stories may also influence
the child’s perceptions of the disorder and its personal impact.

Genetic counseling’s use of familial knowledge and experiences to aid
learning is not a novel strategy for families. For example, interactions
between parents and children in a science museum revealed that par-
ents frequently provided an experiential context to learning by connecting
the new scientific information to previous family experiences and shared
knowledge (Crowley & Jacobs, 2002). Thus, just as genetic counseling
dialogue is informed by “family knowledge,” so too, may families build
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upon unique family and cultural experiences when attempting to interpret
and provide meaning for new genetic or genomic information.

The interpreted meaning of the disorder within the family is a critical
component of the family response (Boss, 1988). In a review of the liter-
ature, Peterson (2005) concluded that the family response to a genetic
diagnosis is not only influenced by factual knowledge of mutational status
(e.g., mutation positive, carrier, non-carrier), but also by the order of being
diagnosed in the family (e.g., first to be diagnosed) and the dynamic of fam-
ily emotional support which, in the case of children, is initiated by their
parents’ reaction. Research on coping behaviors supports the idea that
children are influenced by how their parents manage stressful situations
(McKernon et al., 2001; Miller, Kliewer, Hepworth, & Sandler, 1994).

Beyond the nuclear family, personal and family meaning may be
further framed by ethnic and cultural influences stemming from the com-
munities with which they identify (Bates, 2005; Bates et al., 2005; Brunk,
2006; Catz et al., 2005; Cunningham-Burley, 2006). Examples include
groups defined by religious or political beliefs as well as the socioeconomic
and demographic characteristics of their geographic community. Current
societies are highly diverse with different experiential influences and atti-
tudes that can change over time. Discussions of genetic and genomic
health information should acknowledge, and be responsive to, these dif-
ferences (Cunningham-Burley, 2006; Gottweis, 2002; van der Sanden &
Meijan, 2008; Wynne, 2006).

In summary, the educational process of genetic counseling aims
to promote comprehension of genetics/genomics knowledge for families.
Ideally, this knowledge should not only incorporate the conceptual under-
standing of the science and health implications but also be consistent with
personal and family beliefs and attitudes (Wang et al., 2004). By employing
an active exchange of knowledge and perceptions between the counselor
and the patient/family, genetic counseling aims to achieve a “reciprocal
understanding” of the factual information framed by the unique family
meaning applied to that information.

Intrafamilial Relationships and Communication Dynamics

Comprehension of the genetic or genomic information is intricately
linked to what, and with whom, information is shared within a family.
Family communication is not only central to a functioning family system
but also implicit in clinical genetics (Peterson, 2005). Communication of
complex and potentially emotionally upsetting genetic or genomic infor-
mation can be a difficult process. How and if it is disseminated within a
family may be based upon a number of factors including:

Initial comprehension of the information

Personal meaning and importance attributed to the information
Assessment of the target family member’s risk

Perception of treatment or prevention options

Gender of the communicator
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Emotional closeness to the family member
Predicted receptivity to the information (Gaff et al., 2007; Wilson et al.,
2004)

Within families, there are primary sources and directions of commu-
nication. In a study of families affected by hereditary nonpolyposis colon
cancer, the communication patterns were described as generally follow-
ing the norms for conveying nonurgent news in the family. However, the
index case (first to be tested/diagnosed) for the family was noted to both
actively inform and persuade other members to seek counseling (Peterson
et al., 2003). This responsibility “to tell” others has been seen in studies
of numerous conditions (Gaff et al., 2007; McConkie-Rosell et al., 1995;
Wilson et al., 2004). Whoever disseminates the information should be an
individual who is known to the family and considered a trusted source
(McConkie-Rosell et al., 1995). Thus, beyond a discussion of who in the
family is at risk, it is essential for genetic counseling providers to eluci-
date the family communication dynamics and facilitate accurate sharing
of pertinent information.

Beyond the simple sharing of knowledge and educating members,
communication of genetic information within a family may also serve to
elicit emotional and social support for coping (Duncan et al., 2008; Gaff
et al., 2007; Peterson, 2005). Just as family dynamics affect communica-
tion, families may actually adjust their systems in response to new genetic
information (Peterson, 2005). Sobel and Cowan (2003) found that families
would either distance themselves or increase connections when trying to
cope with positive predictive testing information about Huntington dis-
ease. When the information is interpreted as significantly threatening or
stigmatizing, families may choose to withhold information. The act of with-
holding genetic information from family members may reflect efforts to
protect an individual (often a child) or the public family image (Brown-
Smith, 1998; Wilson et al., 2004). Conversely, family communication
patterns are also affected when a condition is perceived as less serious
or stigmatizing and for which there are treatments (Holt, 2006). Additional
barriers to communication have been reported as a lack of familiarity or
emotional closeness with a relative such that they would not typically
exchange personal information, or when the genetic information is of a
more ambiguous or uncertain nature (Gaff et al., 2007; Wilson et al., 2004)
(Table 1).

Recognizing numerous possible barriers, practical tools to aid in the
dissemination of information are often incorporated into the genetic coun-
seling. Examples include family letters and/or fact sheets written in lay
language that may address the genetic or genomic concern using either
specific family information or broad but relevant terms. Such documents
can provide contact information for the medical specialist who can answer
additional questions and/or for clinics located closer to either the patient
or the distant family members.

Further, when considering family communication, it is important to
take into account that the term “family” may or may not be defined by bio-
logical relationships (Finkler, Skrzynia, & Evans, 2003; Gaff et al., 2007;
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Table 1. Questions That May Be Explored with the Family to Facilitate
Communication

Questions that may be explored with the family to facilitate communication include

e What is the family’s personal experience with the disorder?

e What are the family’s values and beliefs related to the genetic diagnosis and how do
these influence the family identity?

e How as a family are they managing with the genetic diagnosis?

e What are the family’s rules and role assignments?

1. Who communicates important information within the family?

2. Are there generational differences in how information is discussed within the
family?

3. Are there unwritten rules about what can and cannot be discussed?

4. Who gets to make decisions and how are they made?

5. How do the parents view their role in relationship to their children?

(McConkie-Rosell & Spiridigliozzi, 2004)

Peterson, 2005; Wilson et al., 2004). While the biological ties may be the
focus for discussing genetic risks, it is important to recognize and include
the pertinent social bonds within the family unit. These additional connec-
tions may be just as or more important to coping with and communicating
genetic information. Given the great diversity of families, genetic coun-
seling aims to utilize distinct, tailored approaches to best facilitate each
situation (Gaff et al., 2007).

Empowering Families

When genetic or genomic information is new to the family, and partic-
ularly if it is perceived as threatening or complex, the family may initially
rely more on the genetic counselor, physicians, and/or other health pro-
fessionals for guidance in decision making regarding treatment, testing,
and other measures (McConkie-Rosell & O’Daniel, 2007; Read, 2000).
During this time, families’ informational needs may focus on learning the
facts about the diagnosis (Starke & Moller, 2002). Indeed, for some fami-
lies, being able to simply answer questions posed by health professionals,
relatives, and friends can be an important first step toward gaining con-
trol over the information and the condition (McConkie-Rosell & O’Daniel,
2007). However, families also have tremendous strengths and resilience
to cope with potentially threatening genetic or genomic risk information
(Boss, 1988). By exploring family beliefs and dynamics, genetic counseling
can help to tap into those strengths.

In the case of children and their families, genetic counseling actively
partners with patients and their families to enable them to positively incor-
porate genetic information, promoting self-efficacy and family efficacy.
Inclusionary discussion with the family can help empower them to take
control of the genetic information and to apply it in a meaningful way
(McConkie-Rosell & O’Daniel, 2007). This approach is inclusive of multi-
ple family members as appropriate including the child, siblings, parents,
and extended relatives.
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SPECIAL CONSIDERATIONS FOR CHILDREN

Genetic and Genomic Testing

A significant motivating reason to seek genetic testing is concern
for children. Families frequently wish to determine if a child is at risk
for a health or reproductive concern (Esplen et al., 2001; Wang et al.,
2004). Thus, genetic or genomic risk information for the child may be
introduced through the testing of a parent, another relative, or the child
themselves. Unlike genetic testing, genomic testing is almost always
concerned with multiple genetic variants that have been statistically asso-
ciated with risk probabilities. For example, children could be tested to
learn whether they have an increased risk to develop various health con-
ditions or an increased or decreased chance of responding favorably or
adversely to a medication and not to determine if they have “the genetic
change” for a specific single gene disorder. Even if the probability for
the risk is high (say, greater than 50%), current genomic tests are not
diagnostic.

Genetic testing, on the other hand, can be divided into three gen-
eral categories: diagnostic, increased risk, and carrier testing (O’'Daniel &
McConkie-Rosell, 2006) with each type of test resulting in different levels
and certainties of risk. Diagnostic genetic testing refers to testing in which
the genetic change has been linked with certainty to a specific genetic dis-
order (e.g., changes within the FBN1 gene and Marfan syndrome). As such,
it can be performed either before (presymptomatic) or after (symptomatic)
the onset of symptoms associated with the disorder. Symptomatic testing
in children can be motivated by the desire to elucidate the cause of symp-
toms or to confirm a suspected diagnosis and is part of routine medical
care. Presymptomatic testing is typically motivated by the existence of a
family history of a genetic disorder and provides individuals the opportu-
nity to learn whether or not they have inherited a genetic change that will
cause a major health problem later in life (e.g., Huntington disease which
often develops after age 40 or familial adenomatous polyposis which often
develops in early adolescence).

Increased risk genetic testing is unique from genomic testing in that
the test determines whether or not there is a function altering genetic
change within a specific “disease gene(s).” Having the gene change is
not diagnostic of the disorder, but significantly increases the individual’s
chance to develop symptoms at some point in their lives. In addition,
the person can pass the “disease gene” onto future children regardless
of whether they themselves ever develop symptoms. An example of this
type of testing is the BRCA1 and BRCAZ2 genes in which functional genetic
changes may be associated with an up to 80% chance of developing breast
cancer if the person is female.

Carrier testing may be performed in the case of an autosomal recessive
genetic disorder such as cystic fibrosis or sickle-cell disease. The pur-
pose of the test is to determine if a person has an altered copy of a gene
that could be passed onto children. To be affected by an autosomal reces-
sive disorder, a child must inherit an altered gene copy from each parent.
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Carriers are at risk to have an affected child, but do not themselves have
the genetic disorder.

When considering genetic or genomic information for children, the
manner in which the risk information is learned is also important to con-
sider. The information can be either intentional (the test is specifically
being requested) or an incidental finding related to routine, or other-
wise indicated, medical evaluation such as newborn screening or prenatal
ultrasound and/or serum screening (McConkie-Rosell & Spiridigliozzi,
2004).

Ethical Concerns About Testing

Historically, the discussion of children related to genetic risk has
focused on whether or not to offer testing for a specific genetic disorder.
Therefore, a discussion of genetic counseling focused on genetic risk to
minor children is incomplete without considering the current guidelines
for genetic testing in childhood. Genetic testing in minor children presents
a complex ethical and social concern. Current practice guidelines regard-
ing the timing of testing for genetic disorders in children and adolescents
emphasize a respect for the autonomy of the minor, as well as concerns for
the minor’s psychosocial well-being including harm to the developing self-
concept, stigmatization or discrimination, and altered family relationships
(American Society of Human Genetics Board of Directors and American
College of Medical Genetics Board of Directors, 1995; Andrews, 1994;
Clarke, 1994; Fryer, 2000; Ross & Moon, 2000; Wertz, Fanos, & Reilly,
1994) (Table 2).

Table 2. Discussion Areas in the Decision-Making Process About Genetic
Testing in Childhood

Discussion areas in the decision-making process about genetic testing in childhood:

1. The right of parents to request testing

2. The maturity of the child and his/her ability to participate in the decision-making
process

3. The limitation of the child’s future right to make an autonomous decision

4. The loss of the confidentiality of the child’s genetic status

5. The possible stigmatization of the child because of his/her test result

(Clarke, 1998)

A review of current published practice guidelines for consensus on
both carrier testing and presymptomatic testing (Pascal Borry, Fryns,
Schotsmans, & Dierickx, 2006) found that there was general agreement
in the guidelines that carrier testing should be postponed until the child
is old enough to give informed consent. There were also three areas of dis-
agreement or inconsistency involving (1) the duty to recontact to ensure
that the child is informed as an adult, (2) acknowledgment that not offer-
ing testing could have negative consequences for the child if parents felt
this information was strongly desired, and (3) whether genetic status
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learned incidentally through newborn screening or prenatally should be
disclosed to parents.

There is greater agreement in the guidelines addressing presymp-
tomatic genetic testing with consensus that the primary reason for offering
testing for the child is to provide an immediate and relevant medical ben-
efit to the child (Borry, Stultiens, Nys, Cassiman, & Dierickx, 2006). The
definition and level of evidence required to support the potential health
benefit, however, is left to interpretation. The potential health benefits
are weighed against the potential harm of having a genetic or genomic
test including psychological (e.g., depression, negative self-esteem), eco-
nomic (e.g., increased health-care costs), and physical harm resulting
from increased preventative or screening medical procedures (e.g., imag-
ing studies). This weighing of potentials (harms associated with learning
risk information versus medical/health benefit) is particularly relevant in
the case of genomic health risk testing in which the genomic information
is not diagnostic. In these cases, the prevention actions are often based
on diet and lifestyle behavior changes and the majority of conditions have
adult onset of symptoms.

Although the focus of much of the debate about genetic testing in
children has been on the potential harm, some have raised the possibility
that not addressing the issue of genetic testing may be fraught with just
as many concerns (Binedell, Solden, Scourfield, & Harper, 1996; Elger &
Harding, 2000; Michie & Marteau, 1996). Possible benefits include help-
ing children adjust to the information before they need to make choices
about marriage and reproduction, enhancing communication, and resolv-
ing parental concerns about carrier status (Michie & Marteau, 1996;
Richards, 1998). Elger and Harding (2000) suggest that “granting choice
and control has a positive value for adolescents” and “respecting an
adolescent’s autonomous choice concerning genetic testing has positive
consequences for self-esteem and psychological health” (p 118). Robertson
and Savulescu (2001) have proposed that providing genetic informa-
tion to children gives them a different, though not necessarily worse,
reality.

Families may be caught between different medical views and deter-
mining the best approach for their own child may be difficult. Studies
have shown that there is a strong sense of a parental right to decide when
to inform their children of the genetic risk and when to have carrier test-
ing done (McConkie-Rosell, Spiridigliozzi, Iafolla, Tarleton, & Lachiewicz,
1997; McConkie-Rosell et al., 1999). This is often coupled with a respon-
sibility to help their children adjust to this information and to provide
essential genetic information at the most appropriate time (McConkie-
Rosell et al., 1997; McConkie-Rosell, Spiridigliozzi, Dawson, Sullivan, &
Lachiewicz, 2002). The complexity and ultimate concern for the well-
being of children inherent in this issue is apparent in Hamann and
colleagues’ (2000) finding that although a majority of parents supported
testing minors for a breast cancer susceptibility gene, less than 20% felt
they would actually test their own child.

Parental decision making about when, how, and if to inform chil-
dren about genetic risk has been found to be influenced by the nature
of the disease, treatment or options to reduce risk, pattern of family
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communication, and coping response of the family (Forrest et al., 2003;
Holt, 2006; Peterson, 2005; Wilson et al., 2004). The pattern of family
communication in regard to genetic risk information has been described
as a deliberative process in which (1) risk is interpreted and person-
alized; (2) the vulnerability and receptivity of the family member is
assessed; (3) decisions are made about what will be conveyed; and (4) a
good time to inform is identified (Gaff et al., 2007). Thus, parents may
be faced with not only concerns regarding a child’s ability to under-
stand genetic information, emotionally manage it, and apply it when
needed in their lives but may also have concerns regarding their own
ability to understand the implications of the genetic or genomic infor-
mation and consequently provide accurate information for their child.
Forrest and colleagues (2003) found that parental confidence in ability
to inform was correlated with degree of certainty about the meaning of the
information.

Tercyak and colleagues (2002) found that the age of the child was the
primary factor that determined if genetic testing information for heredi-
tary breast cancer was disclosed to minor children. Holt (2006) reported
two distinct opinions regarding family communication about genetic risk
for Huntington disease. The adult children in her study expressed a pref-
erence to have learned about Huntington disease and their genetic risk
early in life, preferably through a parent. The parents with Huntington
disease in the family, however, felt genetic information needed to be dis-
cussed with children at key time points when there was a direct need
for the information, such as when their child was getting married and/or
considering having children of their own (Holt, 2006).

In a study of adolescent girls and young women from families with
fragile X syndrome, all recommended teen years or younger as a pre-
ferred age to learn about either the inheritance of fragile X syndrome or
their own carrier status (Wehbe, Spiridigliozzi, Melvin, & McConkie-Rosell,
2009). The girls in this study frequently recommended a staged approach
to learning genetic risk information suggesting the information should be
normalized and given with a large dose of reassurance. They also empha-
sized the importance of being provided with the information early on in
order to help them adjust to it and to better understand their families and
themselves.

Although the ethical debate about genetic and genomic testing in chil-
dren is unresolved, families are currently managing genetic information
and dealing with the implications for their children. When considering
genetic or genomic testing, both the parent and child’s desire for the infor-
mation and the impact of the information in terms of benefits and harms
should be explored. Once information is learned, parents are then faced
with difficult questions regarding when and how to provide genetic risk
information in a manner that is positive for their children.

Considerations for Communicating Genetic and Genomic
Information to Children

Although there is very limited research on the effect of genetic infor-
mation on minor children (and none regarding genomic information),
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patterns are beginning to emerge that can help to inform genetic coun-
seling as well as areas of future research. Communicating genetic risk
information to children is a process which, for some families, may occur
over many years. Genetic counseling aims to facilitate this process by tai-
loring an informational approach that is sensitive to the family’s needs
at a given point in the process while anticipating future needs. Some
of the barriers to informing children about genetic risk are parental
concerns about (1) potential harm to their child’s self-concept, (2) psy-
chosocial adjustment to the information, (3) worry over providing the
correct information, and (4) identifying the best time to disclose informa-
tion to facilitate coping and adjustment in their child (Tercyak, Hughes
et al.,, 2001; Tercyak et al., 2007). Further, McConkie-Rosell and col-
leagues (2009) identified three ways in which children in families affected
by fragile X syndrome learned genetic information: (1) open discussion
with adult relatives, (2) limited discussion in response to specific questions
only, and (3) indirect or overheard information.

Children overhear conversations being held by adults both at home
and in the medical clinic and may begin drawing their own conclu-
sions. They will also overhear conversations among family members going
through testing themselves including discussions of who is and who is not
a carrier in the family. Tercyak and colleagues (2001) found that children
in families diagnosed with breast cancer often learned about the genetic
risk through overhearing conversations of those family members who were
affected or who were undergoing testing. Therefore, it is important for par-
ents to consider not only directed conversation but also what the child may
indirectly, and potentially incorrectly learn through the family environ-
ment, the family response to the diagnosis, and how and what information
is being discussed among adults.

Along similar lines, Koopman and colleagues (2004) found that chil-
dren learn as much from what they see their parents do and how they
experience their families reacting than from what is simply said. Children
may not understand the implications of the diagnosis, but may focus on
the emotion with which it is presented. Fivush (1998) found that children
are affected not only by an event as it is occurring, but also by how it is
discussed by family members afterward.

Parents may intentionally withhold information in an attempt to keep
a “family secret.” While family secrets can start with a protective pur-
pose, once revealed a secret can have negative, unintended consequences
(Brown-Smith, 1998). Children, especially adolescents, may react with
anger and a sense of being betrayed (Wehbe, Spiridigliozzi, Melvin, &
McConkie-Rosell, 2009). In studies of parental concerns about providing
genetic risk information to children, the need to protect children from
possibly upsetting or emotionally difficult information is a major reason
why children may not be told (Holt, 2006; Tercyak et al., 2007; Tercyak,
Peshkin, Streisand, & Lerman, 2001). The tension between a desire to
protect a child from difficult information and the desire to help a child
adjust to that information is not unique to genetic disorders. Hahan and
Craf-Rosenberg (2002) found similar concerns about disclosing biological
origins to children when donor egg and/or sperm were used. The burden
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of having to “live a lie” and concern about harm to parent/child trust were
the major reasons identified for choosing to disclose.

Children are not adults and may have a very different interpretation or
understanding of the health information that is either discussed with them
or that they overhear being discussed by their parents. Children as young
as preschool age are capable of understanding that some illnesses can be
“caught” and others can “run” in families when presented with appropriate
cues (Raman & Gelman, 2005). They may also have questions of their own
which are important to address, because as with any medical disorder
there are often misunderstandings (Koopman et al., 2004). Finding the
right words, however, is not a matter of simply using smaller words.

For example, according to Piaget’s theory of cognitive development,
children aged 7-8 years are able to think logically and consistently about
real and concrete features of their world. However, it is not until age 10
or 11 years that children can think hypothetically and abstractly and
are able to speculate about possibilities (Berger & Thompson, 1995).
Given the mathematical and conceptual complexity of risk, it is impor-
tant to consider the developmental stage and personal experiences of the
child. Exploration of the child’s perception can not only help parents
find the best time to communicate genetic or genomic information, but
can also provide insight into how this information can be managed for a
child.

Parents have expressed a need for help in deciding what was best
for their family (Hahan & Craf-Rosenberg, 2002). An important role for
the genetic counselor is helping families to understand and then practice
talking about the genetic information, attempting to anticipate responses
as well as questions the child may have. Careful planning with the parents
about what the child knows and understands about the disorder can help
to prevent misunderstandings.

Table 3. Questions That Might Be Explored with the Parents

Questions that might be explored with the parents include

e How old is the child(ren) in the family, currently?

e What are the implications of learning the information now versus a staged approach in
the future?

e What is their personal experience with the particular disorder or health concern?

e How as a family are they managing with the genetic diagnosis or information?

e What do they understand about the inheritance, morbidity, mortality, and medical
management indicated by the genetic/genomic information?

e What do they understand about the implications of the information for themselves and
their family?

e How has the family responded to the information?

e What do they do to manage negative emotional responses?

e What have they told/said to their child(ren) about the genetic/genomic information and
implications for the family?

e What do they think their child(ren) understands about the genetic/genomic
information?

e How do they think their child(ren) have interpreted this information?

(McConkie-Rosell & Spiridigliozzi, 2004)
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Just as a staged approach to providing the information to children
may be helpful, a staged approach to genetic counseling may also be
appropriate. Multiple genetic counseling sessions, planned over several
years, allow for the opportunity to address misinformation and provide
new relevant information including medical, diet, behavior, or educa-
tional interventions as well as an opportunity to manage the maturing
emotional responses to the genetic or genomic information (McConkie-
Rosell & O’Daniel, 2007). Additionally, allowing for future visits enables
the genetic counselor to address the child’s own future concerns such as
the availability of new technologies and treatments or planning a family
(Table 3).

INCREASING THE COMPLEXITY: INTEGRATING GENOMIC
RISK INFORMATION

The field of medical genetics has continuously evolved over recent
decades to incorporate advances in knowledge, treatment, and testing
technologies. Examples include the emergence of genetic services for
inherited cancer syndromes, expanded scope and guidelines for prenatal
screening, improving artificial reproductive technologies and preimplan-
tation genetic diagnosis, and expanded newborn screening and testing.
Following the completion of the draft sequence of the human genome,
the pace of discovery in the field of genetics and genomics has rapidly
escalated. The ensuing advances in knowledge and technology have been
described as revolutionary for both science and society. Genomic medicine
and the capability to analyze whole genomes and harness that knowl-
edge for improving health and disease “is a natural extension of genetic
medicine” (p. 151) (Guttmacher, Porteous, & Mclnerney, 2007). Indeed, the
era of genomics holds tremendous promise for the entire field of medicine,
potentially transforming the very manner in which health and disease
are considered (Bentley, 2004; Cheng, Cohn, & Dover, 2008; Chesney,
Friedman, Kanto, Bonita, & Stull, 2002; Willard, Angrist, & Ginsburg,
2005).

Genomic Testing and Risk Information for Children
and Families

This shift in focus from diagnostic to probabilistic risk information
presents great opportunity and challenge especially in regard to genomic
testing and risk information for children. Genetic and genomic testing
for families and children in the era of genomic medicine has been pre-
dicted to primarily involve four areas: (1) expanded, universal newborn
screening, (2) targeted, diagnostic testing in common, complex conditions,
(3) predictive screening of genetic health predispositions, and (4) phar-
macogenetic testing for variation in drug response (Cheng et al., 2008).
Research is already revealing evidence of gene-environmental interactions
very early in development that have implications for emerging disease
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in the neonate (Cotton, Ginsburg, Goldberg, & Speer, 2006), the child
(Emonts et al., 2007), and the adult (Eriksson, 2007), thus, raising the
question of immediate intervention for immediate and/or future benefits.

Genomic-guided medicine hopes to afford healthy patients the oppor-
tunity to undergo screening tests for risk assessment of a variety of
common health conditions and drug reactions about which they may
have no prior history or current symptoms and which may not occur for
some time. Clinicians who care for children and families will have the first
opportunity to predict gene-based risks and thus intercede in the possi-
ble progression of disorders through family-centered treatment and care
(Cheng et al., 2008).

New Challenges

At this early stage, the potential impact of genomic risk information
for children and families remains largely unexplored. Here we describe
four potential issues that warrant additional research: patient attitudes
and perspectives, adoption of health behavior change, reinterpretation,
and incidental or unintended findings.

It is generally felt that genomic information will likely not carry
the same potential for social stigma as traditional medical genetic diag-
noses and/or risks. In comparison to traditional genetic disease, genomic
risks will be smaller in magnitude, pertain to more common, potentially
well-recognized categories of disease, and most likely infer some level of
“increased risk” for everyone. The fact remains, however, that this infor-
mation is DNA based and with the label of being “genetic” may carry
similar weight to genetic diagnostic or risk information. The public’s per-
ceptions and attitudes toward genomic risk information will substantially
influence the uptake and successful integration of these new tests into
health care. Whether patients and families will associate genomic risks
with preconceived notions of genetic disease remains to be seen.

The medical value of the genomic risk information to prevent disease
or reduce disease severity will depend on the likelihood of individuals to
modify lifestyle and health behaviors. As most families have no prior expe-
rience with genomic information, the initial impact will be influenced by
preconceived ideas about genetic information framed by personal, fam-
ily, and community values and experiences. The data appear to be mixed
regarding whether receiving genetic risk information can motivate behav-
ioral change (Marteau & Weinman, 2006; Phillips et al., 2006; Frosch,
Mello, & Lerman, 2005; Peshkin et al. 2002). Understanding the factors
that are influential in behavior modification based on the varying prob-
abilities of genetic and new genomic information will be important in
determining the impact of this information to prevent disease (Marteau
& Weinman, 2006).

Green and Botkin (2003) suggested that the introduction of predic-
tive genetic testing into health care should not, in and of itself, lead to
new-found ethical dilemmas, but should be carefully assessed for the
added benefit and harm predictive testing could have for the patient
(Green & Botkin, 2003). This same logic should be applied to genomic
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testing. Unique to genetic and genomic testing as compared to other med-
ical tests and screens, however, is the fact that aside from tissue-specific
testing (e.g., testing of a tumor), a result will not change, remaining con-
stant throughout an individual’s lifetime. Because of this, genomic test
information may present a new perspective for an old dilemma: duty to
recontact.

Although the genomic test results will not change, the medical inter-
pretation of what the result means will change as the field advances and
our knowledge continues to expand. Routine “reinterpretation” of genomic
health risks will be essential to ensure health plans are based on accurate
information. When a reinterpretation is necessary and how it might best
be handled are concerns that warrant exploration (Shirts & Parker, 2008).

Another complication of genomic risk information is that many DNA
changes (e.g., single nucleotide polymorphisms (SNPs)) may in fact be
linked to more than one health risk or state. In a study of variants sig-
nificantly associated with pharmacogenetic indications, 23 of 42 (55%)
had also been reported to be associated with at least one if not two or
three common diseases (Goldstein, Tate, & Sisodiya, 2003). Individuals
could be faced with learning incidental or unintended information about
disease risks for which they had not sought testing at variable times in
the future. There is currently no consensus or guide as to when new
information about genomic risks should be shared with a patient or by
whom.

Counseling About Genomic Health Information

As in the case of medical genetic information, families will need to
be guided about how best to balance the desire and need for informa-
tion (Peterson, 2005). Given the broader, potentially universal application
for predictive genetic/genomic testing, the role of counseling as it relates
to the incorporation of genomic risk information into preventative health
plans will need to expand beyond traditionally trained and certified genetic
counselors and be adopted by other health-care providers (Chesney et al.,
2002) or via other formats. Due to the complexity of genomic health
risk information, however, a strategy for genetic specialist consultation
or referral should be established to ensure families receive accurate and
appropriate support and guidance.

To have the greatest preemptive effect and promote the greatest access
to these new tests, a natural choice for delivery is primary care providers
(PCPs). Due to their longer term role in the overall health of patients and
families, PCPs are in a unique positions to offer truly personal medicine
based upon the provider—patient relationship and not just the applica-
tion of new technologies (Burke & Psaty, 2007). As the ultimate goal for
many genomic tests will be long-term health status, counseling strategies
for patients, especially children and families, will need to incorporate a
long-range approach. The decision to undergo genomic testing will simply
be the first of multiple decisions that the patient and family will need to
make (Wang et al., 2004). It is essential to develop a strategy of educational
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programs for these providers that can offer not only conceptual ground-
ing but also a means of incorporating new knowledge disseminating from
the rapid pace of research (Chesney et al., 2002; Goldstein et al., 2003;
Greendale & Pyeritz, 2001; Guttmacher et al., 2007; Peterson, 2005).

CONCLUSION

Just as technology is evolving, so must our concept of the role of
genetic counseling in how genetic and genomic information is commu-
nicated to and within the family. When the focus is on the minor child in
the family, consideration must be made of the age of the child, develop-
mental stage, implications for the present and the future, family culture,
coping resources, and interpretive meaning of the information to the fam-
ily. Genetic counseling for families faced with decisions about how best
to talk with their children not only must consider the ethical issues but
also must focus on how to help families cope with sometimes difficult
information and to incorporate that information in a positive manner.

As health care progresses toward incorporation of genomic medicine,
the informational and health needs of children and their families should
be weighed. We must consider how children perceive genomic risk infor-
mation and changes to health risk perceptions. Approaches to informing
them about health risks which can result in the adoption of positive
health behaviors and healthy self-concept need to be explored, inter-
ventions developed, and their effectiveness evaluated. As the concept of
genetics for many families moves from single genes and connotations of
genetic disease, to overlapping risk factors, new strategies for thinking
about and managing information in the family may be required. Building
upon genetic counseling fundamentals, the process of counseling about
“genomic” health risks may utilize similar approaches to explore what this
new information may mean for the child and his/her family and to guide
incorporation of this information into proactive health planning.

REFERENCES

American Society of Human Genetics Board of Directors & American College of Medical
Genetics Board of Directors. (1995). Points to consider: Ethical, legal, and psychoso-
cial implications of genetic testing in children and adolescents. American Journal of
Human Genetics, 57(5), 1233.

Andrews, L. B. N. (1994). Assessing genetic risks: Implications for health and social
policy. Washington, DC: National Academy Press.

Bates, B. R. (2005). Public culture and public understanding of genetics: A focus group
study. Public Understand Science, 14, 47-65.

Bates, B. R., Lynch, J. A., Bevan, J. L., & Condit, C. M. (2005). Warranted con-
cerns, warranted outlooks: A focus group study of public understandings of genetic
research. Social Science and Medicine, 60, 331-344.

Bennett, R., Hampel, H., Mandell, J., & Marks, J. (2003). Genetic Counselors:
Translating genomic science into clinical practice. Journal of Clinical Investigation,
112(9), 1274-1279.



104 JULIANNE M. O’'DANIEL and ALLYN MCCONKIE-ROSELL

Bentley, D. R. (2004). Genomes for medicine. Nature, 429, 440-445.

Berger, K., & Thompson, R. (1995). The developing person through childhood and
adolescence. New York: Worth Publishers.

Binedell, J., Solden, J., Scourfield, J., & Harper, P. (1996). Huntington’s disease pre-
dictive testing: The case for an assessment approach to requests from adolescents.
Journal of Medical Genetics, 33, 912-915.

Borry, P., Fryns, J.-P., Schotsmans, P., & Dierickx, K. (2006). Carrier testing in minors:
A systematic review of guidelines and position papers. European Journal of Human
Genetics, 14(2), 133-138.

Borry, P., Stultiens, L., Nys, H., Cassiman, J.-J., & Dierickx, K. (2006). Presymptomatic
and predicative genetic testing in minors: A systematic review of guidelines and
position papers. Clinical Genetics, 70, 374-381.

Boss, P. (1988). Family stress management (Vol. 8). London: Sage Publications.

Brown-Smith, N. (1998). Family secrets. Journal of Family Issues, 9(1), 20-42.

Brunk, C. G. (2006). Public knowledge, public trust: Understanding the ‘knowledge
deficit’. Community Genetics, 9, 178-183.

Burke, W., & Psaty, B. (2007). Personalized medicine in the era of genomics. Journal of
the American Medical Association, 298(14), 1682-1684.

Catz, D. S., Green, N. S., Tobin, J. N., Lloyd-Puryear, M. A., Kyler, P., Umemoto, A.,
et al. (2005). Attitudes about genetics in underserved, culturally diverse populations.
Community Genetics, 8, 161-172.

Cheng, T. L., Cohn, R. D., & Dover, G. J. (2008). The genetics revolution and primary
care pediatrics. Journal of American Medical Society, 299(4), 451-453.

Chesney, R. W., Friedman, A., Kanto, W. P., Bonita, S. F., & Stull, T. L. (2002). Pediatric
practice and education in the genomics/postgenomic era. Journal of Pediatrics, 141,
453-458.

Clarke, A. A. (1994). The genetic testing of children. Working Party of the Clinical
Genetics Society (UK). Journal of Medical Genetics, 31(10), 785-797.

Clarke, A. (Ed.). (1998). The genetic testing of children. Washington, DC: Bios Scientific
Publishers.

Cotton, C. M., Ginsburg, G. S., Goldberg, R. N., & Speer, M. C. (2006). Genomic
analysis: A neonatology perspective. Journal of Pediatrics, 148, 720-726.

Crowley, K., & Jacobs, M. (2002). Building islands of expertise in everyday family activ-
ity. In G. Leinhardt, K. Crowley, & K. Knutson (Eds.), Learning conversations in
museums. Philadelphia: Lawrence Erlbaum Associates.

Cunningham-Burley, S. (2006). Public knowledge and public trust. Community
Genetics, 9, 204-210.

Duncan, R. E., Gillam, L., Savulescu, J., Williamson, R., Rogers, J. G., & Delatycki, M.
B. (2008). “You're one of us now”: Young people describe their experiences of pre-
dictive genetic testing for Huntington Disease and Familial Adenomatous polyposis.
American Journal of Medical Genetics, 148C, 47-55.

Elger, B. S., & Harding, T. W. (2000). Testing adolescents for a hereditary breast cancer
gene (BRCA1): Respecting their autonomy is in their best interest. Archives Pediatric
Adolescent Medicine, 154, 113-119.

Emonts, M., Veenhoven, R. H., Wiertsma, S. P., Houwing-Duistermaat, J. J., Walraven,
V., de Groot, R., et al. . (2007). Genetic polymorphisms in immunoresponse genes in
TNFA, IL1-, and TLR4 are associated with recurrent acute otitis media. Pediatrics,
120(4), 814-823.

Eriksson, J. G. (2007). Gene polymorphisms, size at birth, and the development of
hypertension and type 2 diabetes. Journal of Nutrition, 137, 1063-1065.

Esplen, M. J., Madlensky, L., Butler, K., McKinnon, W., Bapat, B., Wong, J., et al.
(2001). Motivations and psychosocial impact of genetic testing for HNPCC. American
Journal of Medical Genetics, 103(1), 9-15.

Fanos, J. H., & Gatti, R. A. (1999). A mark on the arm: Myths of carrier status in sibs
of individuals with ataxia-telangiectasia. American Journal of Medical Genetics, 86,
338-346.

Fanos, J. H., & Johnson, J. P. (1995). Perception of carrier status by cystic fibrosis
siblings. American Journal of Human Genetics, 57, 438-451.



PROCESS IN GENETIC COUNSELING 105

Finkler, K., Skrzynia, C., & Evans, J. P. (2003). The new genetics and its consequences
for family, kinship, medicine and medical genetic. Social Science and Medicine, 57,
403-412.

Fivush, R. (1998). Children’s recollections of traumatic and nontraumatic events.
Development and Psychopathology, 10(1998), 699-717.

Forrest, K., Simpson, S., Wilson, B., Teijingen, E. R., McKee, L., Haites, N., et al. (2003).
To tell or not to tell: Barriers and facilitators in family communication about genetic
risk. Clinical Genetics, 64, 317-326.

Frosch, D. L., Mello, P., & Lerman, C. (2005). Behavioral consequences of testing for
obesity risk. Cancer Epidemiology, Biomarkers & Prevention, 14(6), 1485-1489.

Fryer, A. (2000). Inappropriate genetic testing of children. Archives of Disease in
Childhood, 83(4), 283-285.

Gaff, C. L., Clarke, A. J., Atkinson, P., Sivell, S., Elwyn, G., Iredale, R., et al. (2007).
Process and outcome in communication of genetic information within families: A
systematic review. European Journal of Human Genetics, 15(10), 999-1011.

Goldstein, D. B., Tate, S. K., & Sisodiya, S. M. (2003). Pharmacogenetics goes genomic.
Nature Reviews Genetics, 4, 937-947.

Gottweis, H. (2002). Gene therapy and the public: A matter of trust. Gene Therapy, 9,
667-669.

Green, M. J., & Botkin, J. R. (2003). “Genetic exceptionalism” in medicine: clarifying
the differences between genetic and nongenetic tests. Annals of Internal Medicine,
138, 571-575.

Greendale, K., & Pyeritz, R. (2001). Empowering primary care health professionals
in medical genetics: How soon? How fast? How far? American Journal of Medical
Genetics, 106, 223-232.

Guttmacher, A. E., Porteous, M. E., & Mclnerney, J. D. (2007). Educating health-care
professionals about genetics and genomics. Nature Reviews Genetics, 8, 151-157.
Hahan, S. J., & Craf-Rosenberg, M. (2002). The disclosure decisions of parents who

conceive children using donor eggs. JOGNN, 31, 283-293.

Holt, K. (2006). What do we tell the children? Contrasting the disclosure choices of two
HD families regarding risk status and predictive genetic testing. Journal of Genetic
Counseling, 15(4), 253-265.

Hamann, H., Croyle, R. T., Venne, V. L., Baty, B. J., Smith, K. R., & Botkin, J. R.
(2000). Attitudes toward the genetic testing of children among adults in a Utah-
based kindred tested for a BRCA1 mutation. American Journal of Medical Genetics,
92, 25-32.

Koopman, H. M., Baars, R. M., Chaplin, J., & Zwinderman, K. H. (2004). Illness through
the eyes of the child: The development of children’s understanding of the causes of
illness. Patient Education and Counseling, 55, 363-370.

Lanie, A. D., Jayaratne, T. E., Sheldon, J. P., Kardia, L. R., Anderson, E. S., Feldbaum,
M., et al. (2004). Exploring the public understanding of basic genetic concepts.
Journal of Genetic Counseling, 14(4), 305-320.

Marteau, T. M., & Weinman, J. (2006). Self-regulation and the behavioral response
to DNA risk information: a theoretical analysis and framework for future research.
Social Science & Medicine, 62, 1360-1368.

McConkie-Rosell, A., Heise, E., & Spiridigliozzi, G. A. (2009). Genetic risk communica-
tion: Perceptions of adolescent girls and young women from families with fragile X
syndrome. Journal of Genetic Counseling, 18(4), 313-325.

McConkie-Rosell, A., & O’Daniel, J. (2007). Beyond the diagnosis: The process of genetic
counseling. In M. M. M. Mazzocco & J. L. Ross (Eds.), Neurogenetic developmental
disorders: Variation of manifestation in childhood (pp. 367-389). Cambridge, MA: The
MIT Press.

McConkie-Rosell, A., Robinson, H., Wake, S., Staley, L., Heller, K., & Cronister, A.
(1995). The dissemination of genetic risk information to relatives in the fragile X
syndrome: Guidelines for genetic counselors. American Journal of Medical Genetics,
59, 426-430.

McConkie-Rosell, A., & Spiridigliozzi, G. A. (2004). “Family matters” A conceptual
framework for genetic testing in children. Journal of Genetic Counseling, 13(1), 9-29.



106 JULIANNE M. O’'DANIEL and ALLYN MCCONKIE-ROSELL

McConkie-Rosell, A., Spiridigliozzi, G. A., Dawson, D., Sullivan, J. A., & Lachiewicz,
A. M. (2002). Carrier testing in fragile X syndrome: When to tell and test. American
Journal of Medical Genetics, 110, 36-44.

McConkie-Rosell, A., Spiridigliozzi, G. A., Iafolla, T., Tarleton, J., & Lachiewicz, A. M.
(1997). Carrier testing in the fragile X syndrome. American Journal of Medical
Genetics, 68, 62-69.

McConkie-Rosell, A., Spiridigliozzi, G. A., Rounds, K., Dawson, D., Sullivan, J. A.,
Burgess, D., et al. (1999). Parental attitudes regarding carrier testing in chil-
dren at-risk for fragile X syndrome. American Journal of Medical Genetics, 82,
206-211.

McConkie-Rosell, A., & Sullivan, J. (1999). Genetic counseling — stress, coping, and the
empowerment perspective. Journal of Genetic Counseling, 8, 345-358.

McKernon, W. L., Holmbeck, G. N., Colder, C. R., Hommeyer, J. S., Shapera, W., &
Westhoven, V. (2001). Longitudinal study of observed and perceived family influences
on problem-focused coping behaviors of preadolescents with spina bifida. Journal of
Pediatric Psychology, 26, 41-54.

Michie, S. (1996). Predictive genetic testing in children: paternalism or empiricism? In
T. Marteau & M. Richards (Eds.), The Troubled Helix: social and psychological impli-
cations of the new human genetics (pp. 177-183). New York: Cambridge University
Press.

Michie, S., & Marteau, T. (1996). Predictive genetic testing in children: The need for
psychological research. British Journal of Health Psychology, 1(1), 3-14.

Michie, S., Marteau, T., & Bobrow, M. (1997). Genetic counseling: The psychologi-
cal impact of meeting patients’ expectations. Journal of Medical Genetics, 34(3),
237-241.

Michie, S., Allanson, A., Armstrong, D., Weinman, J., Bobrow, M., & Marteau, T. M.
(1998). Objectives of genetic counselling: differing views of purchasers, providers
and users. Journal of Public Health Medicine, 20(4), 404-408.

Miller, P., Kliewer, W., Hepworth, J., & Sandler, I. (1994). Maternal socialization of chil-
dren’s postdivorce coping: Development of a measurement model. Journal of Applied
Developmental Psychology, 15, 457-487.

O’Daniel, J., & McConkie-Rosell, A. (2006). Test results: Communication and coun-
seling. In N. F. S. R. F. Carter (Ed.), Genetic testing: Care, consent, and liability
(pp. 355-397). New York: Wiley.

Peshkin, B. N., Schwartz, M. D., Isaacs, C., Hughes, C., Main, D., & Lerman, C. (2002).
Utilization of breast cancer screening in a clinically based sample of women after
BRCA1/2 testing. Cancer Epidemiology, Biomarkers & Prevention, 11, 1115-1118.

Peterson, S. K. (2005). The role of the family in genetic testing: Theoretical perspectives,
current knowledge, and future directions. Health Education and Behavior, 32(5),
627-639.

Peterson, S. K., Watts, B. G., Koehly, L. M., Vernon, S. W., Baile, W. F., Kohlmann, W.
K., et al. (2003). How families communicate about HNPCC genetic testing: Findings
from a qualitative study. American Journal of Medical Genetics, 119C, 78-86.

Phillips, K. A., Jenkins, M. A., Lindeman, G. J., McLachlan, S. A., McKinley, J. M.,
Weideman, P. C., et al. (2006). Risk-reducing surgery, screening and chemopreven-
tion practices of BRCA1 and BRCA2 mutation carriers: a prospective cohort study.
Clinical Genetics, 70(3), 198-206.

Raman, L., & Gelman, S. A. (2005). Children’s understanding of the transmission
of genetic disorders and contagious illnesses. Developmental Psychology, 41(1),
171-182.

Read, J. (2000). Disability, the family and society. Buckingham: Open University Press.

Resta, R., Biesecker, B., Bennett, R. L., Blum, S., Hahn, S., Strecker, M. N., et al. (2006).
A new definition of Genetic Counseling: National Society of Genetic Counselors’ Task
Force report. Journal of Genetic Counseling, 15(2), 77-83.

Richards, M. (1998). Annotation: Genetic research, family life, and clinical practice.
Journal of Child Psychology and Psychiatry and Allied Disciplines, 39(3), 291-305.
Robertson, S., & Savulescu, J. (2001). Is there a case in favor of predictive genetic

testing in young children? Bioethics, 15, 26-49.



PROCESS IN GENETIC COUNSELING 107

Ross, L. F., & Moon, M. R. (2000). Ethical issues in genetic testing of children. Archives
Pediatric Adolescent Med, 154(9), 873-879.

Shirts, B. H., & Parker, L. S. (2008). Changing interpretations, stable genes:
Responsibilities of patients, professionals, and policy makers in the clinical inter-
pretation of complex genetic information. Genetics in Medicine, 10(11), 778-783.

Silva, V. T. (2005). In the beginning was the gene: The hegemony of genetic thinking in
contemporary culture. Communication Theory, 15(1), 100-123.

Sobel, S., & Cowan, C. B. (2003). Ambiguous loss and disenfranchised grief: The impact
of DNA predictive testing on the family as a system. Family Process, 42(1), 47-57.
Sorensen, J., & Botkin, J. (2003). Genetic testing and the family. American Journal of

Medical Genetics, 90, 49-59.

Starke, M., & Moller, A. (2002). Parents’ needs for knowledge concerning the medical
diagnosis of their children. Journal of Child Health Care, 6(4), 245-257.

Tercyak, K., Hughes, C., Main, D., Snyder, C., Lynch, J., Lynch, H., et al. (2001).
Parental communication of BRCA1/2 genetic test results to children. Patient
Education and Counseling, 42, 213-224.

Tercyak, K., Peshkin, B., DeMarco, T., Brogan, B., & Lerman, C. (2002). Parent-child
factors and their effect on communicating BRCA1/2 test results to children. Patient
Education and Counseling, 47(2), 145-153.

Tercyak, K., Peshkin, B., Demarco, T., Patenaude, A., Schneider, K., Garber, J., et al.
(2007). Information needs of mothers regarding communicating BRCA1/2 cancer
genetic test results to their children. Genetic Testing, 11(3), 249-255.

Tercyak, K., Peshkin, B., Streisand, R., & Lerman, C. (2001). Psychological issues
among children of hereditary breast cancer gene (BRCA1/2) testing participants.
Psycho-Oncology, 10, 336-346.

van der Sanden, M. C. A., & Meijjan, F. J. (2008). Dialogue guides awareness and
understanding of science: An essay on different goals of dialogue leading to different
science communication approaches. Public Understanding of Science, 17, 89-103.

Walter, F. M., Emery, J., Braithwaite, D., & Marteau, T. M. (2004). Lay understandings
of familial risk of common chronic diseases: A systematic review and synthesis of
qualitative research. Annals of Family Medicine, 2(6), 583-594.

Wang, C., Gonzalez, R., & Merajver, S. D. (2004). Assessment of genetic testing and
related counseling services: Current research and future directions. Social Science
and Medicine, 58, 1427-1442.

Wehbe, R. M., Spiridigliozzi, G. A., Melvin, E., Dawson Deborah, & McConkie-Rosell,
A. (2009). When to Tell and Test for Genetic Carrier Status: Perspectives from
Adolescents and Young Adults from families with Fragile X syndrome. American
Journal of Medical Genetics, 149A(6), 1190-1199.

Wertz, D. C., Fanos, J. H., & Reilly, P. R. (1994). Genetic testing for children and adoles-
cents. Who decides? JAMA: The Journal of the American Medical Association, 272(11),
875-881.

Willard, H. F., Angrist, M., & Ginsburg, G. S. (2005). Genomic medicine: Genetic vari-
ation and its impact on the future of health care. Philosophical Transactions of the
Royal Society B, 360, 1543-1550.

Wilson, B., Forrest, K., van Teijlingen, E., McKee, L., Haites, N., Matthews, E.,
et al. (2004). Family communication about genetic risk: The little that is known.
Community Genetics, 7(1), 15-24.

Wynne, B. (2006). Public engagement as a means of restoring public trust in science —
hitting the notes, but missing the music? Community Genetics, 9, 211-220.






5

Genomics and the Family:
Integrative Frameworks

MARCIA VAN RIPER

INTRODUCTION

Recent advances in genetics and genomics are having a profound
impact on our understanding of the biological underpinnings of health
and human development (Cutfield, Hofman, Michell, & Morison, 2007;
Grigorenko, 2009; Obradovic & Boyce, 2009). In addition, recognition that
many of the health conditions seen in childhood, both rare (e.g., sickle
cell disease) and common (e.g., asthma), are influenced by a complex
interplay between genetic and environmental factors has contributed to
noteworthy changes in the diagnosis, treatment, and prevention of many
childhood conditions (Buchanan et al., 2009; McBride & Guttmacher,
2009; Moeschler, 2008; Moore, Khoury, & Bradley, 2005; Rutter, Moffitt,
& Caspi, 2006). Moreover, there has been growing interest in how fami-
lies influence and are influenced by the way in which individuals adapt to
being tested for and living with a genetic condition (McDaniel & Campbell,
1999; Feetham & Thomson, 2006; Rolland, 1999; Sorenson & Botkin,
2003; Tercyak, 2009; Van Riper, 2005; Van Riper & Gallo, 2005).

The main purpose of this chapter is to demonstrate how the use of
a guiding framework can help family scholars (e.g., family researchers,
therapists, educators, physicians, nurses, psychologists, and genetic
counselors) work more effectively with individuals and families being
tested for and living with genetic conditions, especially young people. First,
there is a brief discussion about the importance of theory and theorizing
in this context. Next, a case study about an adolescent with sickle cell
disease who sought treatment for an acute painful episode in the emer-
gency room is presented to illustrate that living with a genetic condition
is both an individual and a family experience. Then, there is an overview
of individual and family factors found to influence how individuals and
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families adapt to being tested for and living with a genetic condition. After
this, specific aspects of the case study are further developed to highlight
which of these individual and family factors seem to have the greatest
impact on how the adolescent with sickle cell disease and her family are
adapting to the ongoing challenges associated with this condition (e.g.,
acute pain episodes and lack of awareness on the part of teachers and
health-care professionals regarding how to best manage these acute pain
episodes).

In the next section of the chapter, five frameworks that have been used
to explain or predict how individuals and families respond to the experi-
ence of being tested for and living with a genetic condition are presented.
In two of the frameworks (i.e., the Disability-Stress-Coping Model and the
Transactional Coping and Stress Model), the primary focus is at the indi-
vidual level, while in the other three, the primary focus is at the family level
(the Resiliency Model of Stress, Adjustment, and Adaptation; the Family
Management Style Framework; and the Family Systems Genetic Illness
Model). Given that a main focus of this volume is on the family, the frame-
works that place a greater emphasis on family are presented in greater
detail. Following the presentation of these frameworks, there is discussion
of how the plan of care for the adolescent with sickle cell disease and her
family might differ depending on which of these five guiding frameworks
is used. Finally, the chapter concludes with a summary of the key issues
discussed and implications for future research.

The case study presented in this chapter is based on a family interview
that was conducted as part of an ongoing program of research concerning
the family experience of being tested for and living with a genetic condi-
tion (Van Riper, 2001a, 2004a, 2004b, 2005). Five family members (i.e.,
both parents and three of their five children) participated in the interview.
The interview took place in the family home. It was recorded on a digital
recorder and transcribed verbatim. Names of family members have been
changed to protect confidentiality.

IMPORTANCE OF THEORY AND THEORIZING

In the first Sourcebook on Family Theory Project sponsored by the
National Council on Family Relations, theory was defined as “a set of logi-
cally interrelated propositional statements that identify how variables are
covariationally related to each other” (Burr, Hill, Nye, & Reiss, 1979, p. 17).
However, in the most recent Sourcebook of Family Theory and Research
(Bengtson, Accock, Allen, Dilworth-Anderson, & Klein, 2005), the authors
decided that a simpler, more direct definition of theory was needed,
so they defined theory as “an attempt to explain” (p. 5). Additionally,
they described theory as “a tool to help us understand, explain, and
give meaning to the data we have collected” (p. 7). Bengtson and col-
leagues encouraged family scholars to use the term “theorizing,” which
they defined as “a process of developing ideas that allow us to understand
and explain our data” (p. 4). They maintain that use of the term theorizing
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helps shift the focus from theory as a noun or modifier to theory as a verb.
Importantly, this shift captures the notion that theory is a process, not a
product.

According to Bengston, lead author of the Sourcebook (Bengston et al.,
2005), theorizing is akin to putting together a puzzle. By itself, each piece
of the puzzle is incomplete, mystifying, and confusing. Yet, in the process
of trying to understand how the pieces fit together, we are often able to
discern a larger and more coherent whole. Bengston went on to argue that
theorizing is crucial if we want our research with families to be useful to
other family scholars. When we explain and interpret our findings within
explicit theories or conceptual frameworks, we help to build cumulative
knowledge which, in turn, may ultimately lead to more effective interven-
tions, well-informed policies, and solutions to real-world problems that
families face. Moreover, theorizing can be highly engaging; being able to
create your own puzzle rather than solving one that someone else has
already solved is rewarding because it allows for creativity and flexibil-
ity in thought processes. Finally, Bengston described theories as lenses.
When you observe a family through one lens, you will see their behav-
ior accordingly. However, if you switch to another lens, you may observe
something different.

It is doubtful that any single lens or conceptual framework adequately
describes the complex relationships that exist among the individual and
family variables that contribute to adaptation in families affected by
genetic conditions. Hence, family scholars must be versatile and famil-
iar with more than one conceptual framework. Not only will this make it
easier for them to consider the wide range of issues that may be affect-
ing individuals and families living with a genetic condition, but it will also
improve their ability to think critically and in a transdisciplinary manner.
Family scholars who are able to use a variety of conceptual frameworks
have a better chance of noting the complexity and diversity of family pro-
cesses and a better chance of understanding the intricacies of family life
(Hanson & Kaakinen, 2005). In contrast, family scholars who rely upon
the same framework may actually limit their possibilities for discovery and
new opportunities for intervening with individuals and families affected by
genetic conditions.

CASE STUDY

Jennifer is an 18-year-old Black female with sickle cell anemia who
presented in the emergency department for treatment of an acute painful
episode. Sickle cell anemia is the most common form of sickle cell dis-
ease. Individuals with sickle cell anemia have two abnormal hemoglobin
(HBB) genes and both of these are Hb S genes; one of the Hb S genes was
inherited from their mother and the other from their father. Individuals
who have only inherited one Hb S gene are known as carriers of the
sickle cell trait. The clinical manifestations of sickle cell disease in chil-
dren and adolescents result primarily from hemolysis and vaso-occlusion.
Common health problems associated with sickle cell anemia include
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pain episodes (that are often unpredictable), delayed growth, anemia,
acute chest syndrome, bacterial infections, damage to the spleen, cere-
bral vascular infarctions, necrosis of the femoral head, dactylitis (a painful
swelling of the hands and feet), and enuresis (Wethers, 2000).

Three hours prior to going to the emergency department, Jennifer was
in her family home studying for final exams when she began experiencing
pain in her arms and chest. Initially she attempted to deal with the pain
by drinking water, resting, and taking two tablets of Percocet (a narcotic
analgesic prescribed by her primary physician). However, once it became
clear that these measures were not going to be effective in relieving her
pain, Jennifer asked her parents to take her to the emergency department
in the community hospital located near their home.

When Jennifer, her parents, and two of her siblings arrived at the
emergency department they were told, “It will be awhile before anyone
can see you.” Jennifer waited over 2 hours before she was taken back
to the examination room. During this time, members of Jennifer's family,
especially her father, became upset because Jennifer’s pain level increased
from 8 to 10 on a 10-point pain scale. Fortunately, Jennifer was able to
fall asleep once she received intravenous fluids and a dose of morphine
(a more powerful narcotic analgesic). However, shortly after Jennifer fell
asleep, the physician who had prescribed the morphine woke Jennifer up
to ask her about her pain level. When she told him it was still a 10, he
said, “I don’t understand, how can your pain level be 10 if you were able
to fall asleep.” According to Jennifer, “He basically accused me of being a
drug addict and sent me home.” Jennifer and her family ended up leaving
the emergency department dissatisfied with the care she had received.
Unfortunately, this was not the first time they had been dissatisfied with
how physicians and other clinicians managed Jennifer’s pain episodes. In
fact, Jennifer’s parents reported that being able to obtain high-quality care
in a timely manner for Jennifer and her oldest sister Sylvia (who also has
sickle cell disease) is one of their family’s greatest challenges.

INDIVIDUAL AND FAMILY FACTORS THAT INFLUENCE
ADAPTATION

Individual factors shown to influence adaptation in families being
tested for and living with a genetic condition include demographic fac-
tors (e.g., age and gender), knowledge and attitudes (e.g., knowledge
of genetic concepts and genetic testing, beliefs and expectations about
risk management and disease outcomes, and previous experience with
individuals and families being tested for and living with genetic condi-
tions), interpersonal factors (e.g., temperament, problem-solving ability,
and the ability to process numerical risk information), psychosocial stress
(e.g., increased demands associated with the genetic condition, daily
hassles, and major life events), and stress-processing factors (e.g., cog-
nitive appraisal and coping strategies) (Brown, Doepke, & Kaslow, 1993;
Hurley, Miller, Rubin, & Weinberg, 2006; Thompson & Gustafson, 1996;
Thompson, Gustafson, George, & Spock, 1994; Wallander & Varni, 1998).
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Family factors include sociodemographics (e.g., family size, family income,
family structure and number of family members with the genetic con-
dition), family demands (e.g., normative and nonnormative demands),
dimensions of family functioning (e.g., adaptability, cohesion, family rules
and hierarchy, role performance, family communication and problem solv-
ing, boundaries, family management style, and transgenerational patterns
of coping across the life cycle), family appraisal (how the family as a unit
views the condition or the subjective meaning they attribute to impor-
tant elements of their particular situation), and family resources (e.g.,
strengths and capabilities of individual family members, the family work-
ing as a unit, and the community) (McDaniel, Rolland, Feetham, & Miller,
2006; Van Riper, 2000, 2005, 2007; Van Riper & Gallo, 2005). Thus, like
many chronic diseases of childhood, sickle cell disease is a highly complex
biopsychosocial illness that influences and is influenced by the family.
These factors are further explicated below.

FACTORS THAT INFLUENCED ADAPTATION IN JENNIFER'S
FAMILY

The most important individual factors influencing adaptation in
Jennifer’s family appear to be (1) age (i.e., age when Jennifer and Sylvia
first began exhibiting symptoms of sickle cell disease), (2) knowledge
and attitudes about sickle cell disease (i.e., awareness of carrier sta-
tus and attitudes about life with sickle cell disease), (3) interpersonal
factors (i.e., temperament and problem-solving ability), (4) psychosocial
stress (i.e., increased school-related stress due to the occurrence of painful
episodes and stressful interactions with teachers and health-care profes-
sionals), and (5) stress-processing factors (e.g., cognitive appraisal and
coping strategies). As far as family factors, critical factors appear to be
(1) family communication and problem solving, (2) family rules, (3) fam-
ily appraisal, and (4) family management style. By seeking to understand
the whole experience of Jennifer’s genetic illness, a more comprehensive
understanding of her health-related quality of life may ensue.

Jennifer did not start exhibiting symptoms of sickle cell disease until
she was 16 years old. In contrast, Sylvia became symptomatic during
infancy. By the time Sylvia was diagnosed with sickle cell disease at the
age of 8 months she had already been hospitalized numerous times for
fevers of unknown origin and ear infection. Throughout Sylvia’s childhood,
pain episodes were frequent and difficult to predict. The pain episodes
that Jennifer experiences are different than those that Sylvia experiences.
Jennifer’s pain episodes are characterized by severe bone pain, while
Sylvia’s pain episodes are characterized by chest pain and aching in her
arms. Eventually, Jennifer will most likely need a hip replacement.

Prior to Sylvia’s birth, Jennifer’s parents were not aware they were
carriers of an Hb S gene. Once they became aware of they were both
carriers, they decided to undergo sickle cell testing on any subsequent
children. They were not interested in prenatal testing for sickle cell disease
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because they did not view terminating an affected pregnancy as an accept-
able option for their family. Therefore, all five of their children underwent
diagnostic genetic testing for sickle cell either as a newborn or a young
child; two tested positive for sickle cell disease and the remaining three
are carriers.

Jennifer and Sylvia have different temperaments and different
problem-solving abilities. In addition, they differ on how they respond
when they have a painful episode. As far as their knowledge and attitudes
about sickle cell disease, these seem to be similar. Jennifer is described
as the “tough one” and she is more outspoken than Sylvia. When Jennifer
is experiencing a painful episode, she wants to be left alone. In contrast,
when Sylvia is experiencing a painful episode she wants someone to stay
with her. As noted previously, both Jennifer and Sylvia have experienced
stressful interactions with teachers and health-care professionals. In addi-
tion, they both reported experiencing school-related stress on a regular
basis. This was confirmed by their parents and their sibling Carrie, who is
unaffected.

When Sylvia was in the first grade, her teacher frequently questioned
whether or not she was “really” having a painful episode. One time, she
told Sylvia’s mother that Sylvia must not have been “too sick” because
she had observed her being very active in the family car. This infuriated
Sylvia’s mother.

Jennifer and her family members communicate openly with each
other; they are not afraid to say what they think or feel. There are clear
rules for how family members should behave. According to Jennifer’s
mother, “Education has always been a big thing in our house. If you are
in this family, you are going to go to church, you are going to go to school,
you are going to get a job and you are going to respect the rules of the
house.”

As far as how Jennifer and Sylvia manage the ongoing challenges
associated with living with sickle cell disease, decisions about treatment
choices are generally left up to them because “it is their life.” Shortly
after Sylvia’s 18th birthday, a bone marrow transplant was offered as a
treatment option because Sylvia’s health problems were becoming more
severe. Sylvia’s parents allowed her to make the decision to proceed with
a bone marrow transplant. Sylvia told her parents, “Either way it is going
to do something. If I die, at least I will get to heaven and I won’t have the
pain anymore. If it cures the sickle cell, I won’'t have pain anymore. So,
either way I won’t have pain anymore.” Sylvia did not end up undergoing a
bone marrow transplant because her primary physician decided to first try
starting her on hydroxyurea (a chemotherapy agent that had been shown
to decrease the number and intensity of pain episodes in some individuals
with sickle cell disease). Sylvia responded well to the hydroxyurea and she
no longer needed a bone marrow transplant. In contrast, hydroxyurea has
not been as beneficial for Jennifer; she did not experience a significant
decrease in the number and intensity of pain episodes.

In Jennifer’s family, sickle cell disease is viewed as a challenge that
one can live well with and even thrive. Jennifer’s parents believe their chil-
dren can accomplish anything they want to accomplish. Despite having to
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miss a great deal of school due to pain episodes, both Sylvia and Jennifer
completed high school, found jobs they enjoy, and actively participated in
school and community activities. Sylvia graduated from high school with
straight A’s and recently graduated from college. This picture of success
is different than the picture that was painted when Sylvia was initially
diagnosed. According to their mother, “The physician who told us about
Sylvia’s diagnosis told us all the things she would not do and said she
would probably not live past 6 years old. So we treated her as if she was
in an egg shell for awhile.” Fortunately, the physician who treated Sylvia
in the emergency department a year later responded differently. He told
them, “It looks like you know what to do. Check her spleen and every-
thing. Take her to the hospital when you think she needs to be seen. Let
that girl alone. Let her go ahead. Let her do everything she can.”

RISK-RESISTANCE ADAPTATION MODELS

A number of risk-resistance models have been developed to explain
and predict how children adapt to chronic health conditions. The two
most widely used risk-resistance models are the Disability-Stress-Coping
Model (Wallander & Varni, 1989) and the Transactional Coping and Stress
Model (Thompson & Gustafson, 1996; Thompson, Gill, Burback, Keith,
& Kinney, 1993; Thompson et al., 1994; Thompson, Gustafson, Hamlett,
& Spock, 1992). These two models have been used primarily to iden-
tify processes that contribute to adaptation in children with chronic
conditions. They have both been expanded to identify processes that con-
tribute to adjustment in mothers of children with chronic conditions as
well. Moreover, Burlew (2002) developed a psychosocial assessment form
guided by these two conceptual models, and Gold and colleagues (Gold,
Treadwell, Weissman, & Vichinsky, 2008) expanded the Thompson model
to identify processes that contribute to the psychological adjustment of
siblings of children with sickle cell disease.

The Disability-Stress-Coping Model (Wallander & Varni, 1989) is based
on earlier work by Pless and Pinkerton (1975), Moos and Schaefer (1984),
and Lazarus and Folkman (1984). The Transactional Coping and Stress
Model was formulated within an ecological systems theory perspective.
One of the primary differences between the two models is that the model
proposed by Wallander and Varni was developed to be a generic model,
potentially applicable to a wide range of pediatric conditions (Wallander &
Varni, 1998). To date, it has been used in studies investigating adapta-
tion in children with a variety of different conditions (e.g., cerebral palsy,
diabetes, sickle cell disease, spina bifida, and upper limb deficiencies)
and, in some cases, adaptation of their mothers (Malik & Koot, 2009;
Noojin & Wallander, 1997; Vermaes, Janssens, Mullaart, Vinck, & Gerris,
2008; Wallander et al., 1989; Wallander & Varni, 1998). In contrast, the
Transactional Stress and Coping Model was developed primarily for chil-
dren with sickle cell disease and cystic fibrosis and it continues to be
used by investigators interested in understanding adaptation in families
of children living with these two conditions (Barakat et al., 2007; Brown
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et al., 1993, 2000; Gold et al., 2008; Thompson et al., 1993; Thompson &
Gustafson, 1996; Thompson et al., 1994; Thompson et al., 1992). Lipinksi
and colleagues (2006) used the Thompson model as a framework for
interpreting the relationships between parents’ perceived personal con-
trol and their reports of helpfulness of genetic counselors — a primary
source of medical information for families facing the diagnosis of a genetic
illness.

Both of these risk-resistance adaptation models consider a child’s
chronic illness to be a potential stressor to which the child endeavors
to adapt. In addition, a major tenet of both models is that modifiable
risk and resistance factors can be identified empirically. In the Wallander
and Varni model, resistance factors (e.g., intrapersonal factors, stress-
processing factors, and social-ecological factors) are conceptualized as
potential protective factors because one’s status in these areas might
buffer the child from experiencing any potential negative consequences
due to the child’s chronic condition (Burlew, 2002). In the Thompson
model the relationship between the child’s chronic illness and adjustment
varies as a function of parent (e.g., cognitive processes used to appraise
stress and coping processes) and family processes (e.g., family functioning
and family dynamics) (Burlew, 2002). Moreover, the relationship between
the child’s chronic illness and adjustment (i.e., maternal and child adjust-
ment) varies as a function of biomedical, developmental, and psychosocial
factors (Thompson & Gustafson, 1996).

Risk Factors

In the original model proposed by Wallander and Varni (1989), risk
factors included (1) disease/disability parameters (e.g., diagnosis, handi-
cap severity, medical complications, bowel/bladder control, visibility, cog-
nitive functioning, and brain impairment), (2) functional dependence in
the activities of daily living, and (3) psychosocial stressors (e.g., disability-
related problems, major life events, and daily hassles). Eventually, func-
tional dependence was changed to functional independence (e.g., hygiene,
ambulation, and communication) (Wallander & Varni, 1998).

Risk factors included in the Transactional Stress and Coping Model
are (1) illness parameters (e.g., type and severity) and (2) demographic
parameters (e.g., child’s gender, child age, socioeconomic status). In the
expanded Transactional Stress and Coping Model developed by Gold et al.
(2008), illness parameters are hospital visits; demographic parameters
include sibling’s gender, sibling’s age, sibling’s grade level; and socioeco-
nomic status and family parameter were also added (e.g., extended family
size).

Resistance Factors

Resistance factors in the Wallander and Varni (1989) are delin-
eated into three categories: (1) interpersonal factors (e.g., competence,
temperament, effectance motivation, and problem-solving ability), (2)
social-ecological factors (e.g., family psychological environment, social
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support, family members’ adaptation and practical resources available to
the family), and (3) stress-processing factors (e.g., cognitive appraisal and
coping styles). In the Transactional Stress and Coping Model (Thompson
& Gustafson, 1996; Thompson et al., 1994, 1992, 1993), resistance fac-
tors include both maternal and child adaptational processes. Cognitive
adaptational processes for mothers are appraisal-stress (e.g., daily hassles
and illness tasks), expectations (e.g., efficacy and health locus of control),
methods of coping (e.g., palliative and adaptive), and family functioning
(e.g., supportive, conflicted, and controlling). Child adaptational processes
include expectations (e.g., self-esteem and health locus of control) and
methods of coping. The expanded model developed by Gold et al. (2008)
also includes sibling adaptational processes (e.g., sibling coping, sibling
self-efficacy, and perceived social support).

Adjustment/Adaptation Outcomes

Adjustment/adaptation outcomes in the model developed by
Wallander and Varni (1989) are mental health, social functioning and,
and physical health. In the Thompson model, adjustment/adaptation out-
comes include maternal adjustment and child adjustment. Gold et al.
(2008) added sibling adjustment to the Thompson model.

RESILIENCY MODEL OF FAMILY STRESS, ADJUSTMENT,
AND ADAPTATION

The Resiliency Model of Family Stress, Adjustment, and Adaptation
(McCubbin & McCubbin, 1993; McCubbin, Thompson, & McCubbin,
1996d) is a widely used conceptual framework that continues to provide
valuable insight into why some families adapt and become stronger in the
face of stressful circumstances, while others remain vulnerable and some
deteriorate. In a recent tribute to Marilyn McCubbin (Feetham, 2008), it
was noted that her work on the Resiliency Model and associated fam-
ily measures was instrumental in changing the conceptualization and
conduct of research about families caring for a member with a chronic
condition. The development of the Resiliency Model played a critical role
in helping researchers and clinicians focus on resilience and adapta-
tion in families living with chronic conditions (e.g., Brody & Simmons,
2007; Chen & Rankin, 2002; Leske, 2003; Mu, 2005; Robinson, 1997;
Tak & McCubbin, 2002; Van Riper, 2000, 2007). Prior to the devel-
opment of the Resiliency Model, researchers and clinicians typically
focused their attention on family dysfunction and pathology (Feetham,
2008).

The Resiliency Model is an outgrowth of the evolution of family
stress theory (McCubbin et al., 1996d). It builds on Hill's ABCX stress
model (Hill, 1949) and later family stress models, such as The Double
ABCX Model of Adjustment and Adaptation, the FAAR (Family Adjustment
and Adaptation Response) Model, and the T-Double ABCX Model of
Family Adjustment and Adaptation (Lavee, McCubbin, & Patterson, 1985;
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McCubbin & McCubbin, 1989; McCubbin & Patterson, 1983; McCubbin
et al., 1996d; Patterson, 1988). The Resiliency Model calls our attention
to the ability of families to recover from adverse events. It is a strength-
based approach — a model which highlights strengths and capabilities that
influence the resiliency process.

The Resiliency Model is based on five basic assumptions about family
life: (1) families face hardships and changes as a natural and predictable
aspect of family life over the life cycle; (2) families develop basic competen-
cies, patterns of functioning, and capabilities designed to foster the growth
and development of family members and the family unit and to protect the
family from major disruptions in the face of transitions and changes; (3)
families develop basic and unique competencies, patterns of family func-
tioning, and capabilities designed to protect the family from unexpected
or nonnormative stressors and strains and to foster the family’s recov-
ery following a family crisis or major transition and change; (4) families
draw from and contribute to the network of relationships and resources in
the community, including its ethnicity and cultural heritage, particularly
during times of family stress and crisis; and (5) families faced with crisis
circumstances demanding changes in family functioning work to restore
order, harmony, and balance even in the midst of change (McCubbin et al.,
19964, p. 14).

There are two phases in the Resiliency Model (McCubbin et al., 1996d):
the adjustment phase and the adaptation phase. The adjustment phase
depicts how families respond to events that do not present major hard-
ships and only require minor changes in how the family is currently
functioning or the initial response of the family to a more major event. The
adaptation phase focuses on how families respond to major transitions or
hardships that require fundamental structural or systematic changes in
family functioning.

Because of the many challenges commonly associated with caring for a
family member with a genetic condition, the adaptation phase is applicable
to these families. Successful family adaptation (termed “bonadaptation”)
occurs when the family is able to achieve a balance between the needs of
the family member(s) with the genetic condition, the needs of the family
as a whole, and the needs of others in the family (McCubbin & McCubbin,
1993). Unsuccessful family adaptation (termed “maladaptation”) occurs
when the family is unable to achieve this balance.

According to the Resiliency Model, two families that appear to be
undergoing similar experiences (e.g., raising a child with sickle cell dis-
ease) may respond differently, depending on a range of factors that shape
the family process and outcomes of adaptation. These factors include fam-
ily demands or stressors, family types, family resources, family appraisal,
and family problem-solving communication and coping. Successful adapta-
tion is more likely if families (a) have fewer other stressors or demands
occurring at the same time (less pile-up of demands); (b) have family types
or patterns of functioning that are more adaptive; (c) define the situa-
tion positively and view it as something they can master and have control
over; and (d) have good coping and communication skills (McCubbin &
McCubbin, 1993; McCubbin et al., 1996d).
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Family Demands

Family demands include the demands on or in the family system cre-
ated by (a) a family member having a chronic condition, (b) family life cycle
changes, (c) prior unresolved family strains, (d) consequences of family
efforts to cope, and (e) ambiguity at both the intrafamilial and the societal
level (McCubbin, Patterson, & Wilson, 1996¢). When an individual is diag-
nosed with a genetic condition, their family is most likely already dealing
with many other demands. For example, in a family where the mother has
just been diagnosed with hereditary breast and ovarian cancer, the family
may already be dealing with escalating worry between the mother and the
teenage daughter.

The genetic condition itself generally brings new demands and chal-
lenges to the family. Interactions with health-care professionals may be
problematic and decisions about treatment choices can be agonizingly
slow and difficult (Van Riper, 2001b). Uncertainty is common, especially
surrounding the diagnosis of a genetic condition, treatment options, and
the long-term prognosis (Mu, 2005; Van Riper & Selder, 1989). Moreover,
for many genetic conditions, treatment options may be limited. Complex
conditions may require the involvement of many health-care professionals
and each of them may offer conflicting opinions about what the patient
and family should do. Families who are already experiencing an accumula-
tion or pile-up of demands will have more difficulty handling the demands
associated with caring for a family member with a genetic condition than
families who are experiencing fewer demands (Van Riper, 2000b, 2007).

Family Types

Family types are predictable and discernable patterns of family func-
tioning (McCubbin et al., 1996d). While there may be many family types,
three family types (i.e., regenerative family type, resilient family type, and
rhythmic family type) have been associated with better physical and psy-
chological health for family members and more adaptive functioning of
the family as a unit. The regenerative family type is characterized by fam-
ily hardiness (internal strength and a sense of control) and coherence
(view of the situation as manageable and meaningful). These families are
more likely to view the genetic condition as a challenge, something to be
managed and mastered, and are committed to working together to solve
problems as they arise. Closeness and flexibility are the key characteristics
of the resilient family. Its members are able and willing to shift roles, rules,
and boundaries as needed. That is, if a family member becomes ill or inca-
pacitated due to their genetic condition, other family members are able to
take over the ill member’s roles and duties, family rules of operation can
be altered, and the family is able to obtain outside help and information in
order to manage the illness. For rhythmic families, time and routines are
important. These families have established patterns and routines, such as
having meals at a specific time each day, everyone eating dinner together,
special bedtime rituals for the children, and specific strategies for keeping
in touch with family members when they are away from home. In times
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of illness and loss, the focus is on maintaining and valuing family time
and routines because they provide stability and predictability. Of course,
these typologies are not rigid or orthogonal in everyday life and families
may share characteristics and express more or less of these typologies
over time. This is critical to understanding how families adjust to genetic
illness as the timing, severity, or course of disease onset among different
members of the family may not be known in advance.

Family Resources

Family resources are the strengths and capabilities of individual fam-
ily members, the family working as a unit, and the community (McCubbin,
Comeau, & Harkins, 1996a). Families with adequate resources have a bet-
ter chance of managing stress and restoring balance in their lives than
families with limited resources (McCubbin & McCubbin, 1993). At the indi-
vidual level, resources may include intelligence, physical health, stamina
and endurance, a good sense of humor, an optimistic attitude, spe-
cial knowledge and skills (e.g., problem-solving ability, computer skills),
and psychological health (e.g., self-esteem, sense of mastery). Family
resources that have been shown to play an important role in how families
respond to stressful situations include cohesion, flexibility, open commu-
nication, routines, organization, shared spiritual beliefs, and economic
stability. Community resources include the social, medical, friendship,
and community-based networks and activities that the family unit can
draw upon, access, and use to cope with crisis situations and bring their
demands under control (McCubbin & McCubbin, 1993). Other community
resources include services provided by churches, schools, libraries, and
workplaces, such as access to health information, support groups, coun-
seling, and access to communication technologies such as the Internet.
Having access to Internet may be especially important to families with
children with rare genetic conditions. For some families, it may be the
only way for them to receive up-to-date information and support for their
child.

Social support can be an individual-, family-, or community-level
resource (e.g., support from extended family, friends, neighbors, cowork-
ers, the church, the health-care team, support groups, and the workplace),
and it is often viewed as one of the primary buffers or mediators between
stress and psychological well-being (Tak & McCubbin, 2002). Findings
from a study about family resiliency in childhood cancer revealed that
parents who are supported in their workplace are better able to func-
tion within the context of their child’s illness (McCubbin, Balling, Possin,
Frierdich, & Bryne, 2002). Workplace support includes flexible schedules,
opportunities to take time-off to be with a sick family member, and reas-
surance that the job will still be available once the parent returns to work.
The willingness of coworkers to adjust their schedules to perform the tasks
of the absent individual is a crucial part of workplace support (McCubbin
et al., 2002).
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Family Appraisal

In the adaptation phase of the Resiliency Model there are three levels
of appraisal (McCubbin, Thompson, Thompson, & McCubbin, 1993b). The
first level of appraisal is the family’s appraisal of the stressor (e.g., the
medical condition or diagnosis) and its severity. While one family may
view their child’s diagnosis of fragile X syndrome (an inherited genetic
mutation on the X chromosome that affects the production of FMRP, a
protein necessary for normal brain function) as a blessing because they
finally have a diagnosis, another family may view it as a challenge that
may lead to growth producing outcomes, and the third family may view it
as a tragedy that will ultimately destroy the family.

The second level of appraisal is the family’s situational appraisal
(McCubbin, McCubbin, & Patterson, 1993a). A family’s situational
appraisal is the family’s shared assessment of their demands, their capa-
bilities, and the relationship between their demands and their capabilities.
Or, more specifically, in the case of a family living with a genetic condition
such as fragile X syndrome, the family’s situational appraisal is an assess-
ment of how well they are managing the ongoing demands associated with
having a family member with fragile X syndrome given their individual,
family, and community resources.

Family schemas are the third level of appraisal (McCubbin, Thompson,
Thompson, & McCubbin, 1993b). Family schemas develop over time. They
are a set of shared or accepted values, beliefs, rules, goals, priorities, and
expectations that guide and shape major domains of family functioning,
such as intergenerational responsibilities, disciplining and rearing chil-
dren, and family-work relationships. Family schemas are more abstract
than the other two levels of appraisal. They emphasize the overall meaning
a family gives to the situation given its collective view of the world.

Family schemas are usually quite stable (McCubbin et al., 1993b), but
they can be altered by the occurrence of catastrophic events such as the
prenatal diagnosis of a lethal form of osteogenesis imperfecta (a genetic
disorder characterized by bones that break very easily) or the unexpected
death of a young father due to a heart attack caused by a mutation in a
gene that affects the formation of blood clots. Families with a strong fam-
ily schema are invested in the success of the family unit and they have
a shared orientation that emphasizes the collective “we” rather than “I.”
They are guided by a relativistic view of life circumstances and a willing-
ness to accept less than perfect solutions to their demands (McCubbin &
McCubbin, 1989).

Family Problem-Solving Communication and Coping

Adaptation in families dealing with stressful situations, such as the
diagnosis of a genetic condition, depends in part on the range and depth of
the family’s repertoire of problem-solving and coping strategies (McCubbin
& McCubbin, 1993). Two types of family problem-solving communication
have been found to predict family adaptation: incendiary communica-
tion and affirming communication (McCubbin, McCubbin, & Thompson,
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1996e; Van Riper, 2000, 2007). Incendiary communication is character-
ized by verbal outbursts, a failure to calmly talk things through, and a
tendency to bring up old, unresolved issues. In contrast to incendiary
communication which tends to increase stress, affirming communication
tends to decrease stress. When family members use affirming communi-
cation, they are careful not to hurt each other emotionally or physically,
they take time to hear what other family members have to say, they convey
respect for the feelings of other family members, and they end conflicts
on a positive note. Families with an affirming style of problem-solving
communication are better able to adapt to stressful situations than fam-
ilies with an incendiary style of communication (Leske & Jiricka, 1998;
McCubbin et al., 1996e; Van Riper, 2000, 2007).

Family coping refers to “family strategies, patterns, and behaviors
designed to maintain or strengthen the family as a whole, maintain the
emotional stability and well-being of its members, obtain or use family
and community resources to manage the situation, and initiate efforts to
resolve family hardships created by a stressor” (McCubbin & McCubbin,
1993, p. 30). Families who use numerous coping strategies may adapt
more successfully than families who use a limited number of strategies,
especially if the strategies are passive strategies. In a study of parental and
family adaptation in families raising a child with Down syndrome, the five
most commonly reported coping strategies were (1) having faith in God, (2)
knowing that we have the power to solve major problems, (3) facing prob-
lems “head on” and trying to get solutions right away, (4) sharing concerns
with close friends, and (5) knowing that we have the strength within our
family to solve our problems (Van Riper, 2007).

FAMILY MANAGEMENT STYLE FRAMEWORK

The development of the Family Management Style Framework (FMSF)
involved 20 years of conceptual, empirical, and methodological work
(Knafl, Breitmayer, Gallo, & Zoeller, 1996; Knafl & Deatrick, 1990, 2003;
Knafl, Deatrick, & Gallo, 2008). According to a recent article by Knafl and
colleagues (2008),

The FMSF conceptualizes the interplay of how individual
family members define key aspects of having a child with a
chronic condition (Definition of the Situation), the behaviors
they use to manage the condition (Management Behaviors),
and their perceptions of the consequences of the condi-
tion for family life (Perceived Consequences). The resulting
Family Management Style (FMS) is the pattern of family
members’ responses across these three components (p. 413).

The FMSF can be used to focus broadly on all aspects of living with
a genetic condition or more narrowly on a circumscribed aspect of this
experience, such as its bioethical dimensions. Under both conditions, the
framework directs researchers and clinicians to focus both on how indi-
vidual family members and the family unit as a whole actively manage
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health-related challenges. In a recent tribute to the team of Kathy Knafl,
Janet Deatrick, and Agatha Gallo (Bell, 2008), it was noted that the FMSF
fills a unique niche in family research because it directs our attention to
how families incorporate the management of a chronic condition into their
everyday life. Thus, it helps set the stage for the development of assess-
ments, interventions, and future research (Alderfer, 2006; Deatrick et al.,
2006; Knafl & Deatrick, 2006; Nelson, Deatrick, Knafl, Alderfer, & Ogle,
2006; Thibodeaux & Deatrick, 2006).

The original FMSF was based on a systematic review of the litera-
ture that was undertaken to identify key aspects of how the family as
a unit responded to chronic illness (Knafl & Deatrick, 1990). The three
major components included in the original framework were definition of
the situation, management behaviors, and sociocultural context. Definition
of the situation was defined as the subjective meaning family members
attributed to important elements of their situation (e.g., caring for a family
member with a chronic illness). Management behaviors were considered
to be efforts directed toward caring for the illness and adapting family life
to the illness-related demands. The sociocultural context included cultur-
ally, ethnically, and religiously influenced values and beliefs as well as
social, political, and economic structures and processes that shape how
family members define and manage their situation. The initial description
of the FMSF emphasized the interplay of family members’ definitions of
the situation and their management behaviors.

The original FMSF provided the conceptual underpinnings for a
mixed-method study of 63 families in which there was a child with
a chronic illness (Knafl, Breitmayer, Gallo, & Zoeller, 1994, 1996). In
this study, conceptual dimensions or themes for the three major com-
ponents of the framework were further refined and five distinct family
management styles (thriving, accommodating, enduring, struggling, and
floundering) were identified based on how two components of the FMSF
(i.e., definition of the situation and management behaviors) were mani-
fested within and across families (Knafl & Ayers, 1996; Knafl et al., 1996).
This study provided support for using the FMSF to guide the identifica-
tion of a broad spectrum of family management styles and for specifying
unique areas of strengths and difficulties in families faced with the ongo-
ing challenges associated with managing a child’s chronic illness (Knafl &
Deatrick, 2002).

In 2003, Knafl and Deatrick published an article describing a revised
FMSF that includes further specification of its major components. The
revised framework was developed following a review of results from 46
studies focusing on family response to childhood chronic conditions.
Results of this integrative review supported the validity of two of the three
components in the original FMSF (i.e., definition of the situation and man-
agement behaviors). They also provided support for including perceived
consequences as a major component in the framework. As far as sociocul-
tural context, the third component in the original FMSF, it was decided
that it would be more appropriate to conceptualize sociocultural context
as perceived influences on management rather than a major component
of the FMSF itself (Knafl & Deatrick, 2003). The revised FMSF continues
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to conceptualize family management styles as the configuration formed
across all family members’ definition of the situation and management
behaviors.

As with the original FMSF, there are conceptual dimensions or themes
for each of the three major components in its revision (Knafl & Deatrick,
2003; Knafl & Deatrick, 2006). For the definition of the situation compo-
nent, the conceptual dimensions are child identity (parents view’s of the
child and the extent to which those views focus on normalcy and capa-
bilities or vulnerabilities), illness view (parent’s beliefs about the cause,
seriousness, predictability, and course of the illness), management mind-
set (parent’s views of the ease or difficulty of carrying out the treatment
regimen and their ability to manage effectively), and parental mutuality
(caregiver’s beliefs about the extent to which they have shared or dis-
crepant views of the child, the illness, their parenting philosophy, and
their approach to illness). Conceptual dimensions for the management
behaviors component are parenting philosophy (parent’s goals, priorities,
and values that guide the overall approach and specific strategies for
illness management) and management approach (parent’s assessment of
the extent to which they have developed a routine orientation to illness
management and their associated behaviors). As far as the perceived
consequences component, the conceptual dimensions are family focus
(parent’s assessment of the balance between illness management and
other aspects of family life) and future expectations (parent’s assessment
of the implications of the illness for their child’s and family’s future).
While the eight conceptual dimensions are theoretically distinct, they are
associated with each other to a certain degree.

The FMSF has been the guiding framework for at least two studies
of families living with a genetic condition. The study by Gallo and col-
leagues (Gallo, Angst, & Knafl, 2009; Gallo, Knafl, & Angst, 2009; Gallo,
Hadley, Angst, Knafl, & Smith, 2008) used a mixed-methods design to
expand and refine the FMS framework to include family information man-
agement. In the study by Van Riper (Van Riper, 2004a, 2005; Van Riper &
McKinnon, 2004), a mixed-methods design was used to expand and refine
the FMSF to include family management of ethical issues that emerge
during the genetic testing experience. Whereas Gallo and colleagues used
a non-categorical approach, Van Riper used a categorical approach. The
sample for the study by Gallo and colleagues included 86 families of chil-
dren with various genetic conditions resulting from single gene mutations,
including conditions such as phenylketonuria, sickle cell disease, cystic
fibrosis, neurofibromatosis, hemophilia, thalassemia, Marfan disease, and
Von Willebrand disease. The sample for Van Riper’s study included 85 fam-
ilies in which at least one family member had undergone genetic testing
for one of five genetic conditions (i.e., Down syndrome, sickle cell disease,
cystic fibrosis, hereditary breast and ovarian cancer, factor V Leiden, and
Huntington disease).

Findings from a qualitative analysis of data from the study by Gallo
and colleagues (2001) revealed that the information sharing approaches
and strategies used by parents in these families were grounded in the goal
of promoting the child’s adaptation to the genetic condition (Gallo, Angst,
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Knafl, Hadley, & Smith, 2005). According to Gallo et al. (2005), parents
shared information based on their assessment of the child’s developmen-
tal readiness and interest. Typically, the sharing process unfolded over
time. More recently, Gallo and colleagues (2009) identified four distinct
information management types that reflect how parents access, interpret,
and convey genetic information: (1) accurate understanding — open, (2)
accurate understanding - selective, (3) discrepant understanding, and (4)
confused understanding.

Cluster analysis was used to identify patterns of family functioning
in a subgroup of the families in Gallo’s study - those with two spouses
(Knafl, Knafl, Gallo, & Angst, 2007). These patterns were based on both
parents’ assessments of family satisfaction and hardiness, as measured,
respectively, by the Family APGAR and Family Hardiness Index. Cluster
membership distinguished between parental reports of their own quality of
life and their child’s functional status. The clusters were non-categorical.
That is, they did not depend on the child’s specific genetic condition.

Until recently, one of the challenges faced by investigators using
the FMSF was that unlike the Resiliency Model which has a number of
behavioral assessment measures (e.g., Family Inventory of Life Events,
Family Inventory of Resources for Management, Family Problem-Solving
Communication Index) designed specifically to assess key concepts in the
model (McCubbin et al., 1996d), there was not a measure designed specif-
ically to assess key concepts or dimensions in the FMSF. However, such a
measure now exists. The Family Management Measure (FaMM) was devel-
oped to describe how families manage caring for a child with a chronic
condition/illness and the extent to which they incorporate condition man-
agement into everyday family life (Knafl & Deatrick, 2006; Knafl et al.,
2009). The FaMM has 6 scales (53 items): family life difficulty (14 items),
condition management ability (12 items), view of condition impact (10
items), condition management effort (4 items), child’s daily life (5 items),
and parental mutuality (8 items) (Knafl & Deatrick, 2006). The parental
mutuality scale is not used with non-partnered parents.

The psychometric properties of the FaMM were assessed with a sample
of 579 parents from 417 families of children with a wide array of chronic
conditions (Knafl et al., 2009). Internal consistency reliability ranged from
0.72 to 0.91 and test-retest reliability from 0.71 to 0.94. Construct validity
was supported by significant correlations in the hypothesized directions
between FaMM and established measures (i.e., the Eyberg Child Behavior
Inventory, Functional Status Measure, Global Functioning Scale of the
McMaster Family Assessment Device). According to Knafl and colleagues,
“results support FaMM'’s reliability and validity, indicating it performs in a
theoretically meaningful way and taps distinct aspects of family response
to childhood chronic conditions” (p. 1).

Definition of the Situation

According to Knafl and Deatrick (1990), a family member’s defini-
tion of the situation is the subjective meaning they attribute to important
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elements of their particular situation (e.g., being tested for a genetic con-
dition, raising a child with a genetic condition). It includes the process
of active construction of a definition of the situation and the content of
that definition. Definitions of the situation change over time and they
are based on multiple factors including cultural beliefs, familial rules and
boundaries, and past experience with health-care providers.

An expectant mother’s definition of the prenatal screening experience
will most likely be based on a variety of factors including whether or not
she has any other children, past experiences with prenatal screening for
Down syndrome, and culturally based beliefs about being tested for and
raising a child with Down syndrome. In addition, it will be influenced by
any past experiences she has had with individuals with Down syndrome
and her partner’s views about prenatal screening.

An expectant mother’s definition of the prenatal screening experience
may change overtime. For example, in Van Riper’s study (2004b) about
the family experience of genetic testing, one mother’s story vividly illus-
trates this point. Initially, Ann (a pseudonym), defined prenatal screening
as a routine part of prenatal care — something that did not require much
thought, something she had done with her other pregnancies. Later she
defined it as a very stressful experience. Learning that her results sug-
gested an increased risk of Down syndrome came as a surprise to her
because she thought “Only women over age 35 have children with Down
Syndrome.” Unlike many of the health-care providers she encountered,
Ann did not view the birth of a child with Down syndrome as a tragedy.
She viewed it as a change of plans. It was something that she and her
husband were willing to accept. It was her belief that “You keep your child
no matter what.” Ann reported, “It really didn’t matter how he came out. If
he did have Down syndrome or if he didn’'t.” Ann sees her son with Down
syndrome as more alike than different from typically developing children.
According to Ann, “He looks different but he’s got the same feelings and
everything that we do.”

Management Behaviors

Management behaviors are defined as discrete behavioral accommo-
dations that family members use to manage their situation on a daily
basis (Knafl & Deatrick, 1990). Like definitions of the situation, manage-
ment behaviors can change over time. For example, an expectant mother
who chooses to undergo prenatal screening for Down syndrome during
her first pregnancy may decide not to undergo prenatal screening during
subsequent pregnancies. One reason for this may be that her first prena-
tal screening experience ended up being too stressful because her initial
results were positive (indicating that she was at increased risk for having
a child with Down syndrome) and she had to wait 2 weeks to learn that
the positive result was a false positive (the results indicated she had an
increased risk for having a child with Down syndrome, but she actually
did not). Moreover, a mother who gives birth to a child with Down syn-
drome despite being told that her results were negative (indicating that she
was not at increased risk for giving birth to a baby with Down syndrome)
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may decide not to have prenatal screening with her next pregnancy. Some
mothers will make this decision because they feel they can no longer trust
the test results. Or, it could be due to the fact that now that a mother
knows what it is like to have a child with Down syndrome, she is not
afraid to have an affected child.

Shortly after Ann was told that she was at increased risk for having a
child with Down syndrome, she shared this information with her husband
and they decided to continue the pregnancy without further testing. Her
husband told her, “Leave it in God’s hands. He [their child] is going to
be who he is going to be no matter what.” Ann found her husband and
the rest of her family to be supportive and encouraging. Her husband
never pressured her to terminate the pregnancy or give their child up for
adoption. His response differed from the typical response of those in his
country of origin. According to Ann, in her husband’s native country “It’s
a disgrace to have a baby with Down syndrome or any kind of sickness. If
a family has a baby with Down syndrome they take the baby to the church
and drop it off.” When Ann’s health-care provider asked her if she wanted
an amniocentesis, her response was “However he comes, he comes. I don’t
want to take the chance of miscarrying.”

Perceived Consequences

Perceived consequences are the actual or expected individual, family,
and illness outcomes that shape management behaviors and affect the
subsequent definition of the situation. One of the consequences of Ann
deciding not to have an amniocentesis was that each time she went to
the clinic for an ultrasound (they were ordered weekly due to the detec-
tion of a cardiac defect) she was offered “The opportunity to terminate the
pregnancy.” This was very stressful to Ann. In fact, it was so upsetting
to her that she considered not going to the clinic for the scheduled ultra-
sounds. Ann indicated that the failure of others to accept her decision to
carry the pregnancy to term resulted in her feeling isolated. According to
Ann, “They didn’t move away, they stayed in their same place but they just
moved away from me. It was like they just left me there.”

Family Management Style

Family Management Style (FMS) is viewed as the configuration formed
by individual family members’ definition of their situation, the man-
agement behaviors individual family members engage in, and perceived
consequences of the situation (Knafl & Deatrick, 1990, 2003; Knafl
et al., 1996). The five family management styles (thriving, accommodating,
enduring, struggling, and floundering) identified by Knafl and colleagues
reflect a continuum of difficulties that families experience in managing a
child’s chronic condition and the extent to which the experiences of indi-
vidual family members are similar or discrepant. For example, in a family
with a thriving FMS, parents are likely to feel confident that they can
manage both the usual and the unexpected challenges associated with
their child’s condition (Deatrick et al., 2006). Moreover, they are likely to
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interpret the experience of parenting a child with a chronic condition in a
similar way. In contrast, in a family with a struggling FMS, parental con-
flict is likely to be an overriding theme. This conflict is grounded in the
parents’ differing expectations of one another and their differing views of
their situation.

Kendall and Shelton (2003) have identified the following four FMSs in
families of children with attention-deficit/hyperactivity disorder (ADHD):
chaotic, ADHD controlled, surviving, and reinvested. The chaotic family is
characterized by extreme stress and disorder. They receive minimal out-
side support, maintain little if any interest in structure, and alternate
between a general lack of responsiveness and the use of extremely rigid
parenting strategies to deal with the behavior of the child with ADHD.
In contrast, the reinvested family expresses a renewed sense of energy in
managing the behavior of the child with ADHD. The parents use adap-
tive coping strategies that allow the family to feel restored and in control,
rather than simply surviving. In a recent study by Conlon, Strassle, Vinh,
and Trout (2008), all four of FMSs described by Kendell and Shelton
were identified in a sample of families of children and adolescents with
ADHD. According to Conlon and colleagues, identifying a family’s FMS
may improve our understanding of child-family interactions which, in
turn, facilitates the development of effective interventions.

FAMILY SYSTEM GENETIC ILLNESS MODEL

The Family System Genetic Illness Model (FSGI) is a framework that
can be used by family scholars and others to organize genomic condi-
tions into clusters or groups in which the pattern of psychosocial demands
associated with the conditions are similar over time (Rolland & Williams,
2006). The FSGI model is an expansion of the Family Systems Illness
(FSI) Model (Rolland, 1984, 1987a, 1987b, 1990, 1994a, 1998, 2003), a
model that is clearly grounded in systems theory. The FSI model is based
on a strength-oriented framework; one that views family relationships as
potential resources. Possibilities for growth are highlighted rather than
just risk and liabilities. There is an emphasis on goodness of fit between
family strengths and vulnerabilities and the psychosocial demands asso-
ciated with the condition the family is dealing with over time. The following
three dimensions are addressed in the FSI model: (1) psychosocial types
of disability and illness, (2) major developmental phases in their natu-
ral history, and (3) key family systems variables (i.e., belief systems —
culture/ethnicity, individual, family, and illness life cycles, and type of
illness/disability/loss; Rolland, 1994).

Included in the FSGI model are a typology of genomic disorders and
a schema of nonsymptomatic phases for genomic condition. Rolland and
Williams (2006) recommend that these be used sequentially with the FSI
model. The nonsymptomatic phases flow naturally into the three phases
included in the FSI model (i.e., crisis, chronic, and terminal).
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Psychosocial Typology of Genomic Disorders

The psychosocial typology of genomic disorders that was developed for
the FSGI model groups genomic disorders according to the following char-
acteristics: (1) likelihood of developing the condition (low, variable, high),
(2) overall clinical severity of the condition (low or high), (3) time of clinical
onset in the individual’s life span (child/adolescent 0-20 years, early mid-
adulthood child rearing 20-60 and later life >40 years), and (4) whether
effective interventions exist to alter the clinical onset or progression of the
condition (yes or no) (Rolland & Williams, 2006). There are 36 possible psy-
chosocial types of genomic disorders. Each type has a distinct pattern of
psychosocial demands based on it inherent biological and environmental
responsive features.

Being able to group genomic conditions into these clusters is helpful to
family scholars interested in comparative studies between families living
with different types of genetic conditions. In addition, the ability to group
genomic conditions according to their pattern of psychosocial demands
helps determine if the findings from studies about families living with a
certain genetic condition are applicable to families living with a different
genetic condition. For example, sickle cell disease and Tay-Sachs disease
are both autosomal recessive conditions (the gene mutation is located on
one of the autosomes — chromosomes 1-22 and two copies of the gene are
necessary to have the trait — one from the mother and one from the father).
However, findings from a study about families living with Tay-Sachs dis-
ease (a fatal genetic lipid storage disorder in which harmful quantities of
a fatty substance called ganglioside GM2 build up in tissues and nerve
cells in the brain) may not be that applicable to families living with sickle
cell disease because the psychosocial demands associated with these two
conditions are likely to be different. Using the typology developed by
Rolland and Williams (2005, 2006), it appears that findings from a study
about families living with cystic fibrosis might be a better choice because
sickle cell disease and cystic fibrosis are the same psychosocial type of
condition.

Sickle cell disease and cystic fibrosis are both autosomal recessive
conditions in which (1) likelihood of the child developing the condition is
high if the child has inherited the gene mutation associated with the con-
dition from both their mother and their father, (2) the clinical severity is
high, (3) the time of onset is usually during childhood, and (4) there are
currently interventions to alter the clinical onset or progression of the con-
dition. Tay—-Sachs disease is also an autosomal recessive genetic condition
in which the likelihood of a child developing Tay-Sachs disease is high if
the child has inherited the gene mutation associated with the condition
from both their mother and their father. In addition, it is also a condition
in which the clinical severity is high and the onset of symptoms is dur-
ing childhood. However, unlike sickle cell disease and cystic fibrosis, there
are few, if any, interventions that can alter the clinical onset or progres-
sion of Tay-Sachs. Even with excellent care, most children with Tay—Sachs
disease die by age 4, from recurring infection.
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Nonsymptomatic Time Phases of Genomic Disorders

Due to recent advances in genetics and genomics, a growing num-
ber of individuals and families are learning they are at increased risk for
a genetic condition. Moreover, this often occurs long before the clinical
onset of symptoms. Therefore, it is useful to expand the time phases of
illness included in the FSI model (i.e., crisis, chronic, and terminal) to
include time phases that occur prior to the onset of symptoms. Rolland
and Williams (2005) have identified four nonsymptomatic time phases: (1)
awareness, (2) crisis I pretesting, (3) crisis II/posttesting, and (4) long-term
adaptation.

In the awareness phases, there is some awareness of possible genetic
risk, but there is no active consideration of testing or testing is not
available. The crisis phase I starts when there is active consideration of
testing. During this phase, there is some understanding of relevant genetic
information and an awareness of possible psychosocial ramifications for
individual family members and the family as a system. The crisis phase
IT includes the testing experience and the early posttest period. The long-
term adaptation phase begins following awareness of the test results and
it ends with the clinical onset of symptoms. There are critical transition
periods between the phases. For example, during the transition between
the crisis I phase and the crisis II phase, family members need to consider
the fit of their life structure, plans, and dreams in the face of the devel-
opmental challenges ahead of them. Unfinished business in one phase
can delay or block psychological movement to the next phase. Strategies
that are adaptive in one phase may be maladaptive in another phase. For
example, during the crisis I and crisis II phases, it may be very benefi-
cial for family members to pull together. However, during the long-term
adaptation phase, over-attentiveness may end up contributing to a family
crisis.

Rolland and Williams (2005, 2006) have identified key individual and
family developmental tasks associated with each of the nonsymptomatic
phases. Key tasks for the phases are listed below (Rolland & Williams,
2006, p. 62):

Awareness Phase

1. Establish initial communication in family regarding illness and
genetics.

2. Seek basic information regarding genetics of specific illness
from primary care provider.

3. Consider whether individual family members could pursue
genetic testing.

4. Cope and adapt to concerns about conditions where no genetic
testing yet exists.

Crisis Phase I

1. Consider how decision might impact different nuclear and
extended family members.
2. Gain understanding of genetics of illness.
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3. Gain psychosocial understanding of illness.

4. Gain appreciation of developmental perspective.

5. View challenge of genetic knowledge as a shared one in “we”
terms.

6. Consider who in family may be at risk and whom to inform.

7. Consider whom to include in decision making about whether to
test.

8. Explore beliefs and meaning of genetics.

9. Make decision about testing: yes, no, defer

Crisis Phase II

1. Crisis coping and adaptation.

2. Accept permanence of genetic testing knowledge.

3. Maximize preservation of family identity before genetic knowl-
edge.

4. Create meaning that promotes personal and family mastery.

5. Acknowledge possibilities of loss related to genetic risk while
sustaining hope.

6. Develop flexibility in the face of uncertainty.

7. Consider implications of testing results for family members who
test normal and at-risk members who have not been tested.

8. Establish functional collaborative relationships with health-
care providers.

9. Adapt to any preventive treatments and health-care settings.

Long-Term Adaptation Phase (if test results are positive)

1.

Maximize autonomy and connectedness for all family members
within scope of genetic knowledge.

Minimize relationship skews.

Mindfulness of possible impact on current and future phases of
family and individual life cycles.

Live with anticipatory loss and uncertainty.

Balance open communication (vs. avoidance, denial) and proac-
tive planning with need to live a “normal” life, keeping threat-
ened illness in perspective.

Maintain up-to-date genetic and medically relevant informa-
tion.

Using the FSGI and FSI models together facilitates family scholars’
and clinicians’ anticipation of the psychosocial demands facing individuals
and families living with a genetic condition. It also facilitates the develop-
ment of more precise conceptualizations of the different types of genetic
conditions. These conceptualizations can then be used to design and
implement interventions for individuals and families living with genetic
conditions that take into account the psychosocial demands of the condi-
tion, the illness or nonsymptomatic time phase, and the life cycle stage of
both the individual and the family. These conceptualizations can be used
to determine the timing and duration of interventions. Unlike other models
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reviewed in this chapter, the empirical research base supporting the util-
ity of the FSGI model has not been thoroughly evaluated. This represents
an emerging opportunity for social and behavioral scientists to contribute
concepts that support or refute central tenets.

RELATIONSHIP BETWEEN GUIDING FRAMEWORK AND PLAN
OF CARE

As noted previously, observations of family functioning can differ
based on conceptual orientation. This section includes a discussion of
how the plan of care for Jennifer (the young woman with sickle cell dis-
ease from the case study) might vary depending on which framework is
used.

Risk-resistance models are likely to focus most of their attention
on Jennifer and her mother. In addition to assessing Jennifer’'s phys-
ical symptoms, they will assess risk and resistance factors that may
be influencing how Jennifer and her mother are adapting to the cur-
rent pain episode. Some of the risk factors they might assess include
disease/disability parameters (e.g., type and severity of her sickle cell
disease, other medical complications, cognitive functioning), functional
independence (e.g., communication and ambulation), and psychosocial
stressors (e.g., stressors related to living with sickle cell disease, daily has-
sles, and major life events). In terms of resistance factors they will most
likely assess interpersonal factors (e.g., temperament and problem-solving
ability), social-emotional factors (e.g., family psychological environment,
social support, family members’ adaptation, and available resources), and
stress-processing factors (e.g., cognitive appraisal and coping styles).

If the Resiliency Model of Stress, Adjustment, and Adaptation is the
guiding framework, the focus will expand beyond Jennifer and her mother
to include other family members, especially other family members who
have accompanied Jennifer to the emergency department. In the process
of assessing family demands and family resources, one is likely to assess
many of the same factors assessed under a risk-resistance model as a
guiding framework. However, the Resiliency Model required a more in-
depth assessment of how individual family members and the family unit
as a whole appraise the situation. This may include appraisal at three
different levels: (1) appraisal of the current pain crisis and its severity,
(2) appraisal of how well the family is managing the ongoing demands
associated with having two family members with sickle cell disease given
their individual, family, and community resources, and (3) family schema —
shared values, beliefs, rules, goals, priorities, and expectations that guide
and shape major domains of family functioning, such as intergenerational
responsibilities, disciplining and rearing children, and family-work rela-
tionships. For families like Jennifer’s, the inclusion of an assessment of
family schema is likely to be especially beneficial because it will make it
clear that if different treatment options are presented, affected individuals
will ultimately decide which option to take while parents and siblings may
facilitate decision making.
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The Resiliency Model is also more likely to assess problem-solving
communication and coping at both the individual and the family level. This
in turn will shed light on the fact that affected siblings may have different
ways of communicating about and dealing with illness symptoms.

Moving on to the Family Management Style Framework (FMSF), this
framework would likely require less in-depth assessment of risk and resis-
tance factors. The assessment of how the family appraises or defines the
situation will be similar to that done under the Resiliency Model, as will
the assessment of problem-solving communication and coping. However,
using the FMSF focuses greater attention on the family’s overall manage-
ment style and the extent to which the experiences of individual family
members are similar or discrepant.

In Jennifer’s family, an assessment of family management style would
most likely suggest that the family be categorized as thriving, a family in
which family members feel confident that they can manage both the usual
and the unexpected challenges associated with sickle cell disease. This is
important information because it suggests Jennifer and her family need
and want to be included in decisions about her plan of care. Moreover,
unlike some families who would rather have their family member stay in
the emergency department or be admitted to the hospital if they need fur-
ther care or monitoring, Jennifer’s family would be comfortable providing
the additional care and monitoring at home.

Finally, using a combination of the Family System Genetic Illness
Model and the Family Systems Illness Model will give special attention
to assessing the psychosocial demands commonly associated with sickle
cell disease, the illness phase that Jennifer is currently in (i.e., chronic),
and the life stage for Jennifer and her family. In this family, all of the
family members have moved beyond nonsymptomatic.

CONCLUSION

Being tested for and living with a genetic condition is both an indi-
vidual and a family experience. There is no single best lens or guiding
framework to use when working with individuals and families affected by
genetic conditions — an integrated framework, one that takes into account
the perspectives of individual family members and the family as a whole,
is productive. Relatively few of the researchers and clinicians who have
written about the experience of being tested for and living with a genetic
condition have reported using an integrated framework (see the following
references for further critique of existing literature on this topic: Feetham,
1999; McDaniel & Campbell, 1999; Sorenson & Botkin, 2003; Van Riper,
2005, 2006; Van Riper & Gallo, 2005). Many have also not acknowledged
the lens or framework used to guide their work. Those who do typi-
cally identify an individual framework. The scholarship of professionals
who have applied an individual framework has generally run parallel to,
rather than convergent with, those using family frameworks (Feetham &
Thomson, 2006). This is a complementary approach and represents an
additional opportunity to better integrate and expand the knowledge base
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of individuals functioning in a family illness context and the functioning
of families affected by genetic disease.

The five guiding frameworks presented in this chapter are over-
arching models that serve as starting points in understanding family
experience. Yet, they do not capture the full richness and texture of fam-
ilies — no model can. The frameworks presented in this chapter are by no
means the only frameworks that might help guide work with families being
tested for and living with a genetic condition. Other frameworks that are
well-worth considering are the Cumulative Stressor Model (Jaffee, Caspi,
Moffitt, Polo-Tomas, & Taylor, 2007), the Posttraumatic Stress Framework
(Kazak & Baxt, 2007), and the Illness Beliefs Model (Wright & Bell, 2009;
Wright, Watson, & Bell, 1996) which is based on the Calgary Family
Assessment Model and the Calgary Family Intervention Model (Wright
& Leahy, 2005). Social and behavioral scientists are well poised to con-
tinue to make significant strides in translating and integrating genomics
in medicine via a focus on children’s and familial adaptation, needs, and
resources. Solid grounding in such concepts and understanding interac-
tions among domains may ultimately prove crucial to realizing the public
health potential of genetic and genomic advance.
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Potential Impact of Genomic
Information on Childhood
Sibling Relationships

JOANNA FANOS, LORI WIENER,
and TARA BRENNAN

INTRODUCTION

With the tremendous growth and excitement in the field of genomics,
there is reason to be hopeful that evidence-based data on the experience of
siblings will follow. As the field prospers, sibling relationships will be chal-
lenged by major issues, including differential interest in seeking carrier,
pre-symptomatic and susceptibility testing, the handling of differential
genomic data between sibling dyads, and the resultant apprehension and
mastery. The potential impact of genomic information on childhood sib-
ling relationships is largely not documented. Until the time that we have
research on these issues, we turn to the literature on the impact of genetic
information and illness on siblings and present existing data, largely based
on conditions arising from single gene disorders.

Siblings of children with genetic disorders face daunting challenges.
They encounter the prospect of genetic implications for their own lives and
that of their children and confront the complexities of dynamics that evolve
in families with a chronically or seriously ill child. As parental attention
is focused on the affected child, well siblings are often neglected and their
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emotional needs ignored (Foster et al., 2001; Houtzager, Grootenhuis,
Caron, & Last, 2005). In specialty clinics in which the affected children
are seen, referral to professional psychological support is made rarely,
typically only in crisis situations. Many institutions place pride in hav-
ing embraced family-centered care, but these programs concentrate on
empowering parents while continuing to neglect the compelling needs of
siblings (Fanos, Fahrner, Jelveh, King, & Tejeda, 2005). Rarely has sup-
port for the well sibling been considered a priority, despite the growing
body of literature that indicates that siblings of children affected by crit-
ical illnesses and genetic disease are at increased risk for psychosocial
difficulties (Fanos, 1999a; Strohm, 2001; Taylor, Fuggle, & Charman,
2001).

This chapter will explore the impact of pediatric genetic illness on
siblings. We will review the literature on family communication, sibling
relationships, trauma and attachment theory, parental mourning, sib-
ling guilt, and shame. In addition to existing literature, we will primarily
focus on two serious pediatric genetic disorders, one autosomal recessive
(ataxia-telangiectasia) and the other X linked (X-linked severe combined
immune deficiency). This will include a comparison of the similarities and
differences in sibling understanding of genetic information and percep-
tion of carrier status, as well as a comparison of the psychosocial impact
on sibling relationships. As research on siblings of children with genetic
disorders is relatively sparse, other diseases will be explored as well. Most
notably, siblings of children with cancer appear to share the same psycho-
logical background and some of the same psychological consequences of
the disease (Cuttini, Da Fre, Haupt, Giovanni, & Tamaro, 2003; Zebrack
et al., 2002; Zeltzer et al., 1996). Therefore, this chapter will also include
the experience of siblings of children undergoing cancer treatment, par-
ticularly those who become bone marrow and stem cell sibling donors.
Clinical case examples will be provided to illustrate the similarities and
differences between disorders, how these affect family functioning, and
the sibling relationship. A summary of major issues and future directions
will conclude the chapter.

RESEARCH BACKGROUND AND SCOPE OF THE PROBLEM

While some literature suggests potential positive effects of growing up
with an ill sibling (Martinson & Campos, 1991; Packman, 1999; Williams,
1997), more frequently, researchers have reported a negative impact on
emotional and behavioral functioning (Balk, 1990; Faux, 1993; Hutson
& Alter, 2007; Pho, Zinberg, Hopkins-Boomer, Wallenstein, & McGovern,
2004; Sharpe & Rossiter, 2002). Psychosocial issues for well siblings
include resentment, anger, anxiety, depression, jealousy, and guilt; fear
of death; and emotional distance from parents (Fanos, 1996; Fanos,
Davis, & Puck, 2001; Fanos & Wiener, 1994; Houtzager, Grootenhuis,
& Last, 2001). Poor academic achievement, conduct problems, and dif-
ficulties in social relationships have been identified in healthy siblings of
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children treated for cancer (Hamama, Ronen, & Feigin, 2000; Hefferman &
Zanelli, 1997).

Unique psychosocial consequences exist in families where one child
is affected by a life-threatening genetic illness. Siblings in families with
rare genetic conditions may fear social stigma and peer rejection and thus
be reluctant to talk to friends about the disease (Hutson & Alter, 2007).
Siblings of children affected with genetic conditions may also demonstrate
confusion and worry about the differences between being a carrier and
being affected and the implication for future offspring (Hutson & Alter,
2007). Studies of adolescent and adult siblings of individuals affected
with an inherited disorder, including X-linked severe combined immun-
odeficiency, cystic fibrosis, and ataxia-telangiectasia, indicate anxiety and
depression, low self-esteem and self-concept, poor communication within
the family, embarrassment, and guilt that they are not ill (Fanos & Gatti,
1999; Fanos & Johnson, 1995b; Fanos & Puck, 2001). Furthermore, sev-
eral members of a family may be afflicted with an inherited disorder,
and if that disorder is potentially or ultimately fatal, then well siblings
may face the trauma of not one loss, but many (Fanos & Wiener, 1994).
Long-term negative outcomes in adult siblings of individuals with cystic
fibrosis report ongoing difficulties with survival guilt, anxiety, fear of inti-
macy, excessive worry about others, heightened feelings of vulnerability,
sleeping difficulties, and somatic complaints, including headaches, ulcers,
or symptoms similar to those of cystic fibrosis (Fanos, 1996; Fanos &
Nickerson, 1991).

Studies drawn from the greater body of literature suggest that poor
coping and maladjustment in siblings of ill children may be attributed, in
part, to parents’ effort to protect the sibling by providing a lack of infor-
mation about the child’s illness and encouraging minimal involvement
in treatment (Fife, Norton, & Groom, 1987; Havermans & Eiser, 1994).
On the other hand, positive adjustment has been associated with higher
levels of family cohesion and adaptability (Cohen, Friedrich, Jaworski,
Copeland, & Pendergrass, 1994; Horwitz & Kazak, 1990), lower levels
of family disruption (Sloper & While, 1996), and enhanced intrafamiliar
communication (DiGallo, 2003; Murray, 2002).

It is common for families with a chronically ill child not to communi-
cate about the condition within or beyond the family (Fanos & Johnson,
1995b; Fanos, 1999a, 1999b; Fanos & Puck, 2001; Hardy, Armstrong,
Routh, Albrecht, & Davis, 1994). Studies of siblings of children with can-
cer indicate that they cope better when informed about the condition
and treatment (Kramer, 1984). Siblings who are not informed often feel
excluded and express considerable anger at parents. Good communication
prior to the death of a child continues on following the death, and both are
correlated with better sibling adjustment (Birenbaum, Robinson, Phillips,
Stewart, & McCown, 1989). Open communication between parents and
siblings has been related to fewer behavioral problems and increased feel-
ings of competence following the loss (Birenbaum, 1989). Keeping a family
secret is a heavy burden for a sibling. Family secrets can lay the ground-
work for traumatic responses (Van der Kolk, 1987), which may hinder
a sibling’s ability to grieve (Eth & Pynoos, 1985). Eth and Pynoos (1985)
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emphasized that traumatized individuals must resolve traumatic elements
of the loss before they are able to mourn. Many traumatized individuals
find it difficult to handle their anxious and aggressive feelings (Van der
Kolk, 1987). The symptoms of posttraumatic disorder — amnesia, detach-
ment, obsessive thoughts, reliving the trauma - can occur in sibling loss
(Fanos, 1996).

There is little information on how parents communicate the news of
life-threatening illness to their children, particularly the healthy siblings.
Families with a fatally ill child often struggle with determining whether
the physician or the parent should tell the children. Recently, pedi-
atric medicine has recognized the importance of developing a partnership
between the health-care team, the child, and the family and emphasizes
the importance of information exchange among these groups. New models
for communicating with children and families emphasize the integration
of medical and non-medical aspects of the illness (Weidner, 2007).

Attachment theory has explored the importance of emotional avail-
ability of the parent for the child’s development. Researchers have found
the difference between securely and insecurely attached children to be
related to the caregiver’s abilities to respond appropriately to the com-
munications of the child (Ainsworth, Blehar, Waters, & Wall, 1978). Pound
(1982) found depressed mothers to be impaired in their role, with difficulty
being involved with their children’s lives and showing them affection. The
presence of a depressed or withdrawn mother can result in various devel-
opmental problems for the well sibling, including separation difficulties
and disturbance in forming a normally assertive self (Levine, 1982). In
normal development, through identifying with the strengths of the parent,
the child perceives himself as competent. This sense of confidence may be
disrupted when parents have been perceived as inadequate (Wahl, 1976).
Self-psychology has described the lack of ability to identify with an ade-
quate self-object as problematic for development of a child’s self-esteem
(Kohut, 1977). Siblings growing up in a family with a seriously ill child
and depressed and anxious parents would be at risk for vulnerability in
their sense of self (Fanos, 1996).

Research suggests that parents mourning the loss of a child grieve
longer than was formerly assumed and experience long-term anxiety and
depression (Kreicbergs, Valdimarsdottir, Onelov, Henter, & Steineck, 2004;
Wortman & Silver, 1989). Frequent maladaptive responses of bereaved
parents include idealizing or memorializing the deceased child, refocus-
ing attention on the surviving sibling(s), or unflattering comparisons of
the well sibling to the deceased child, all resulting in devastating conse-
quences for the sibling’s self-concept (Fanos, 1996; Fanos & Mackintosh,
1999; Fanos & Puck, 2001; Gibbons, 1992). Parental preoccupation with
their own grief can have significant consequences: depressed parents may
be impaired in their parenting roles; they may withdraw from other family
members or prohibit them from talking about the child if it is too upsetting
(Giovanola, 2005). Parental inability to help their children mourn can lead
to intense fear and guilt in the survivor sibling (Cain, Fast, & Erickson,
1964). Parental accessibility, open communication, and support of the
surviving sibling are vital to healthy adjustment (Rosen, 1985).
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A COMPARISON OF DISORDERS: AUTOSOMAL AND X LINKED

To provide a more in-depth view of the above psychosocial issues of
siblings of children with serious genetic pediatric conditions, we present
two examples: work on autosomal recessive ataxia-telangiectasia (AT) and
work on X-linked severe combined immune deficiency (XSCID). These dis-
orders were chosen to illustrate some of the important differences between
disorders in which both parents share equally in genetic culpability, and in
which only one parent bears the entire genetic transmission burden. They
will be compared to another autosomal recessive condition, cystic fibrosis
(CF), the most common lethal disorder of Caucasians. Treatment for CF is
extensive, primarily consisting of airway clearance techniques that enlist
the help of family members. The impact on siblings has been described
extensively in the literature, including books (Fanos, 1996; Summerhayes
Cariou, 2006). Therefore, we will not be describing in depth the sibling
impact, as we will with the lesser known disorders (AT and XSCID), about
which far less has been documented in the literature. Similarities and dif-
ferences among the three disorders will be explored, and the importance of
acknowledging the specific characteristics of genetic conditions in terms
of their unique impact on siblings will be discussed.

Siblings of Children with AT

AT is characterized by progressive cerebellar ataxia and oculocuta-
neous telangiectasiases, immune deficiencies, and increased predisposi-
tion to lymphoreticular malignancies (Brown et al., 1997). The gene for AT
has been identified by positional cloning (Gatti et al., 1988; Lange et al.,
1995; Savitsky et al., 1995). Siblings of AT-affected individuals who are
heterozygotic for the AT gene may be at higher risk for cancer (Athma,
Rappaport, & Swift, 1996; Easton, 1994; Morrell, Chase, & Swift, 1990;
Swift, Reitnauer, Morrell, & Chase, 1987; Vorechovsky et al., 1996) and
thus have their own health concerns, unlike carriers for the gene for CF
or XSID.

Children with AT appear normal at birth; first signs typically appear
in early childhood with delayed development of motor skills, lack of bal-
ance, and speech impediments. Due to progressively worsening ataxia
(poor coordination and lack of muscle control), most children with AT
are eventually confined to a wheelchair by age 10. Other hallmarks
of this disease are the small dilated red “spider” veins (telangiecta-
sia) which appear in the corners of the eyes or on the surface of the
ears and cheeks. Approximately 70% of children with AT also have
immunodeficiency that usually brings recurring and potentially life-
threatening respiratory infections. Individuals with AT typically die in
their teens or early twenties due to respiratory failure or cancer. Since no
cure currently is available, treatment is primarily directed at alleviating
symptoms.
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Study of Siblings of Children with AT

In a qualitative study of parents and siblings of children with
AT (Fanos, 1999a, 1999b; Fanos & Gatti, 1999), 35 siblings from 24
families, including 26 adults and 9 adolescents, were drawn from mul-
tiple clinical sites and interviewed for approximately 1 h. Semi-structured
interviews were audio recorded and transcribed verbatim. Rating scales
were developed on various categories capturing important aspects of fam-
ily functioning and psychosocial adaptation; inter-rater reliability was
obtained. The results illustrate major themes common to disorders with an
autosomal genetic transmission pattern and ones with visible difficulties
as well as considerable caregiving burden on siblings.

Understanding of Genetic Information and Perception
of Carrier Status

Misconceptions about the genetic transmission of AT were common.
Less than half of adult siblings responded within an acceptable range
of prevalence for AT in the general population (between 500 and 1,000
diagnosed cases). Nearly twice as many of those whose responses were
outside the acceptable range overestimated the prevalence (Fanos & Gatti,
1999). This distortion, perhaps due to the saliency of their experience,
was similar to responses of siblings with CF (Fanos & Johnson, 1995b).
Explanations given in childhood had been difficult for some siblings to
understand. Personal carrier risks were underestimated by 84% of adult
siblings, particularly noteworthy since these siblings had been exposed
to technological advances such as DNA analysis, and therefore are likely
more knowledgeable than the majority of families with a child with AT
(Fanos, 1999Db).

Myths surrounding their carrier status were common. Thirty-five per-
cent of siblings believed they were carriers before giving blood, 11%
thought they were not, and 54% had no preexisting beliefs (Fanos & Gatti,
1999). These data may be compared to siblings of individuals with CF, in
which 53% of siblings decided they were carriers prior to testing, 15%
believed they were not, and 32% had no preexisting beliefs (Fanos &
Johnson, 1995b). Believing one is a carrier prior to testing has been
reported as a way of sharing somewhat in the experience and thus binding
guilt in CF (Fanos & Johnson, 1995a).

Assumptions of carrier status and of the self were transmitted from
parental misconceptions. For some families, one parent interpreted the
genetic reality as their spouse’s fault. If blame was placed on the father,
AT was seen as retribution for prior behavioral transgression. On the
other hand, if blame was placed on the mother, her guilt was failing to
achieve her biological task to produce a healthy child. Although individ-
uals may have received written information on the genetics of AT, their
deeply held beliefs about self and others influenced the way they viewed
factual information (Fanos & Gatti, 1999).
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Family Communication

Most siblings (79%) reported that communication in their family about
the illness had been open. While siblings recalled conversations about
the illness and the possibility of an early death, genetics rarely was dis-
cussed. Since physical limitations could not be hidden, there remained
only one secret to keep — the genetic nature of the disease. The func-
tional limitations due to AT frustrated well siblings, interfering with their
ability to play and thus to bond with the affected child. Verbal communica-
tion was also problematic since the AT-affected child had a compromised
ability to speak clearly. As healthy siblings entered adolescence and expe-
rienced widening of their interpersonal networks, the relationship became
ever more distant. Interference with the attachment relationship was pre-
cipitated by various factors, including the affected child’s locomotor and
speech difficulties; withdrawal of the well sibling to avoid the pain of wit-
nessing progressive debilitation; and the sibling’s feelings of resentment,
embarrassment, shame, and guilt.

Approximately one-fifth of participants expressed high resentment of
the AT-affected sibling. Some siblings reported they had been forced to
relinquish a social life to stay home to care for the sick child; thus their
own developmental needs were sacrificed. Respondents experienced a role
reversal in caring for, and developmentally surpassing, older ill siblings.
For some individuals, this role confusion caused disturbances in identity
formation (Fanos, 1999a).

Sibling Guilt

One half of the sample was rated as having moderate guilt. Some well
siblings felt guilty about having felt resentful toward the affected sibling.
A frequent dynamic was that well siblings wished to distance themselves
from their brother or sister, felt shame, and then guilt about their feelings.
When the well sibling was able to master a developmental stage that the
affected child had been unable to reach, they felt guilt and sadness. Some
siblings feared their ill sibling resented their ability to enjoy a healthy
life. Another common theme was separation guilt from parents, similar to
siblings of CF-affected individuals (Fanos, 1996). Those siblings who were
able to leave home at an appropriate developmental time felt guilty for
their feelings of relief and escape.

Most siblings of AT-affected individuals commented they were “sad”
their brother or sister had AT but were relieved that they did not. This
differs from siblings of CF-affected individuals, for whom survivor guilt
was a major concern, leading to wishes to be a carrier (Fanos, 1996).
Sibling identification with the AT-affected child was rare in this sample,
probably due to the weakened bond between the dyad. Idealization of the
ill child was not an issue for participants in this study, as we shall see
in our sample of siblings of XSCID-affected individuals as well (Fanos,
1999a).
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Case Example - Sibling of Individuals with AT

Susan was a young woman in her mid-twenties that grew up with
two brothers with AT. She always believed that she was a carrier, pri-
marily because of frequent bouts with respiratory illnesses, similar to
the symptoms she had witnessed in her brothers. Communication in
the family was open; she reported that she knew what she needed
to know at appropriate times. Her mother had made it clear to her
from a young age that her brothers would eventually become very ill
and die.

There were many times when she felt that it was unfair that she could
not just be a child free from worries. She reported feeling that she had
to take on the role of being both a sister and a mother to them. When
she was only 16 years of age, her mother took her out of school in order
to help care for her brothers. She feels that she will never forgive her
mother for not allowing her to remain in school and to graduate with her
classmates. Since being taken out of school, she suffered from serious
depression and had frequent dreams of having to protect her brothers
from some threat outside of the home. In addition, she had a recurring
dream for over 10 years. In the dream, she was running through a field
and someone was chasing her to kill her. She knew she had to do some-
thing, so she would find a large rock and beat them to death with it. She
believes that the dream may have represented her relationship with her
mother.

Susan always thought she would never bear children in order to avoid
the chance of having affected offspring. Recently, she learned that the gene
had been identified and that testing was possible; thus, she is reconsid-
ering her choice. She fears that if she does not bear children, she will be
“missing something.” On the other hand, Susan feels that she has already
given so much of herself to caretaking responsibilities in her early years
that focusing on her own needs would be most important to her at this
time.

Siblings of Children with XSCID

SCID is a serious immune disorder; over half of SCID in humans
is X linked (XSCID). XSCID is caused by mutations in the gene IL2RG,
which encodes a receptor for interleukin-2 and multiple other cytokines
(Buckley et al., 1997; Noguchi et al., 1993; Puck et al., 1993; Sugamura
et al., 1996). While SCID was inevitably fatal in infancy, the introduction
of bone marrow transplantation (BMT) improved the prognosis consid-
erably (Gatti, Meuwissen, Allen, Hong, & Good, 1968). Although early
diagnosis and BMT currently enable survival for over 80% of males with
XSCID, this treatment has usually required hospitalization lasting sev-
eral months. Delayed or inadequate antibody production requires monthly
immunoglobulin replacement for periods from 2 years to indefinitely, so
parents continue to worry about exposure to germs. XSCID is widely
known as the “bubble boy” disease, referring to David Vetter, a boy with
XSCID, who lived for years in a plastic, germ-free bubble.
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Study of Siblings of Children with XSCID

A study was conducted on parents and siblings of boys with XSCID
(Fanos et al., 2001; Fanos & Puck, 2001), stemming from the referral of
affected probands and their healthy female relatives for genetic testing
since 1987. In that year, a family workshop was organized at the National
Institutes of Health, bringing together a cross section of enrollees in ongo-
ing protocols, including 132 individuals of XSCID-affected families. For
the study cited below, all families who had attended the workshop and
could be located were invited to participate.

Forty adult siblings of individuals with XSCID were interviewed from
14 families (37 females, 3 males). One-fourth of siblings were born after
the death of their affected brother(s). Of those siblings who were alive
when an affected brother died, the mean age of the participant at death of
their brother was 7 years. Participants were interviewed, interviews were
transcribed verbatim, coding scales developed, and inter-rater reliability
obtained.

Understanding of Genetic Information and Perception
of Carrier Status

Sixty-two percent of adult siblings had no preexisting beliefs about
their carrier status, 23% believed they were not carriers, and 15% believed
they were (Fanos et al., 2001). These data are in contrast to adult siblings
of individuals with AT, in which 35% believed they were a carrier, and
CF, in which 53% thought they were (Fanos & Johnson, 1995b). Several
factors may be responsible for the lesser tendency to develop personal
myths in XSCID, including slightly higher odds of being a carrier in AT and
CF, and the fact that some of these individuals had attended a workshop.
Sixteen percent of siblings felt flawed by being a carrier of this mutation.
Many siblings felt their carrier status lessened their desirability (Fanos &
Puck, 2001).

Severe anxiety about adult sibling’s unaffected child’s health was not
an issue in this sample (Fanos et al., 2001), similar to results from the
AT study (Fanos & Gatti, 1999). This finding differed from some other
serious pediatric genetic conditions such as CF, in which anxiety was
more prevalent (Fanos & Johnson, 1995b). There are two possible rea-
sons for the lower anxiety in siblings of XSCID-affected individuals. First,
in XSCID, even though daughters may be carriers, they will not have the
disease. Second, parents knew their affected baby was sick during his first
months of life, unlike disorders such as CF in which the symptoms can
develop later. In XSCID, parents are reassured once the health status of
the newborn is established.

The characteristics of XSCID, including its mode of inheritance,
severe infantile presentation, and current availability of effective treat-
ment, shaped the attitudes of these families; their level of knowledge was
superior to those of families struggling with conditions with progressive,
relentless deterioration (Fanos et al., 2001).
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Family Communication

The majority of siblings of males affected by XSCID felt that com-
munication in their family had been poor, creating an atmosphere laden
with family secrets. Parents tried to protect well siblings from disturb-
ing information, and well siblings sheltered parents from the distress of
answering questions. Those siblings who were alive during their brother’s
illness found it difficult to understand what was happening. Some siblings
whose brother had passed away before they were born learned that they
had had a brother by accidentally finding an object such as a photo hid-
den in a drawer. Others did not learn about their brother until their own
adolescence, when older siblings divulged the secret and asked them not
to tell anyone, including their parents (Fanos & Puck, 2001).

Sibling Relationships

Sibling resentment was not a major problem in XSCID families
(Fanos & Puck, 2001). This differs from chronic disorders such as CF, in
which the family focuses on the ill child for years, creating sibling resent-
ment (Fanos & Johnson, 1995b; Fanos, 1996). In XSCID, the child either
died soon after birth or had a transplant and thus a relatively normal
childhood. The need for isolation and fears of contamination had weak-
ened the attachment between the affected and the well siblings; thus,
identification with and idealization of the affected sibling were not an issue
in XSCID. This is similar to AT (Fanos, 1999a). However, many daughters
perceived that their parents preferred male offspring. Thus male gender
was idealized, with profound implications for self-esteem for sisters.

Many siblings voiced concerns about separation from their mother
during the hospitalization of their affected brother. Often, mothers spent
long periods at the hospital with the sick child, away from the rest of the
family. Fathers were left trying to balance working long hours away from
home while attempting to care for the well children.

Sibling Guilt

Guilt was not a major issue for this sample, since there was little
resentment over which to feel guilty. The guilt that was expressed focused
on four areas. First, siblings worried that they may have brought germs
into the home, particularly if their brother had died. Second, siblings with
their own affected offspring felt guilt about being a carrier. Third, moth-
ers who were carriers felt guilty about passing on the carrier burden to
daughters. Finally, siblings with no affected males felt guilty watching
their sisters endure distressing medical procedures with their children
(Fanos & Puck, 2001). In this sample, few sisters expressed wishes to be
a carrier, unlike siblings of individuals with CF, who used this wish as
a way of binding guilt (Fanos & Johnson, 1995a). In addition, sisters of
males with XSCID expressed no belief of deserving retribution.

One-third of siblings chose careers in the health professions, primarily
nursing. Several siblings recalled their mother returning from the hospital
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and praising the nurses who were caring for their child (Fanos & Puck,
2001). The tendency of siblings of ill children to select a medical career
has been reported previously in AT in which more than a third of the adult
sample had chosen a career in the medical professions (Fanos, 1999b).

Parental Mourning

The majority of siblings believed their mother had never successfully
mourned the loss of her son. Those families in which the sibling reported
poor family communication were those in which siblings felt their parents
had been unable to mourn (Fanos & Puck, 2001). Daughters in families
with unresolved mourning felt an intense desire to have a healthy son.
This represented both an attempt to repair the mother’s unresolved loss
and a wish to repair the injury to the sense of self of being a carrier.
This finding had not been encountered in previous studies of CF and AT,
both autosomal disorders in which the genetic guilt was shared by both
parents.

Case Example - Sibling of Males with XSCID

Beth was in her mid-forties at the time of the interview; she is married
and is a nurse. Prior to the availability of BMT, she lost three brothers
when she was 7, 12, and 13 years, respectively. Following the first death
of a brother when she was 7 years of age, she recalled returning home
and starting to cry and having her mother angrily ask what she was cry-
ing about. She believes that her mother feels very guilty about being a
carrier and that it is exclusively her fault. Many memories of her mother
involve her coming home from her brothers’ hospitalizations and talking
about how kind and important the nurses were to her and how deeply they
had touched her. Beth believes that she became a nurse because of her
mother’s deep respect and love for the nurses.

Beth always knew that her drive to reproduce was extremely strong.
Since she held the belief that being a carrier implies one is flawed and
defective, she wished to feel normal. She did not know if she wanted a
child as much as she wanted to be a member in the “mother club.” She
also felt that her reasons for wanting a child involved winning a battle
and cheating death, so that she could have a boy that would not die. In
addition, she believes she wanted to have a son to give to her mother as a
replacement for the ones that she had lost. Beth still has a sense of being
outside the circle of life.

Comparisons Between CF, AT, and XSCID: Key Similarities
and Differences

Many psychological issues for siblings of children are similar in fami-
lies with a child affected by CF, AT, and XSCID. In all three, well siblings
confront the possibility of death of their brother or sister, overwhelmed
parents who are depressed and anxious, and serious genetic realities with
implications for their own lives. Many families struggling with genetic
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disease attempt to conceal as much as possible. Families with CF tried
to hide the possibility of early death of the affected (Fanos & Johnson,
1995b; Fanos, 1996); families with AT, a highly visible disorder, hid the
genetic component (Fanos, 1999a). Families with XSCID concealed the
prior existence of affected boys (Fanos & Puck, 2001).

In families in which the illness itself can be concealed (e.g., CF), the
possibility of early death for the affected sibling was often handled as a
family secret (Fanos, 1996). Consequently, the child’s death was expe-
rienced by the sibling as a trauma, resulting in posttraumatic stress
disorder (Eth & Pynoos, 1985; Horowitz, 1997; Terr, 1991; van der Kolk,
1987). In CF, watching the ill sibling receive more attention fueled resent-
ment, envy, guilt, idealization of the sibling, and expectation of retribution
by being a carrier.

In families with a child with AT, the condition could not be hidden;
therefore, it was obvious to the sibling that the affected child needed more
attention (Fanos, 1999a). While there was resentment over the burden of
caregiving, and interference with identity development, there was little or
no envy and less need to idealize the sibling as a defense against guilt over
envious feelings (Klein, 1957). However, in AT, the visibility of the disorder
disrupted the ability of the family to present itself to others as normal,
with efforts exerted to manage the stigma. The embarrassment that this
may elicit, and the resulting shame and guilt, is destructive to the sibling
dyad and the sibling’s developing sense of self. Thus in AT, the dynamic
is one of burden rather than trauma. In addition, siblings felt shame over
their embarrassment. The expressed reactions of rage at others for calling
attention inappropriately to the sibling’s disability provided evidence of the
magnitude of the disavowed shame and self-hatred.

In XSCID, the family secret/trauma was that there had been a brother
who was born and died (Fanos & Puck, 2001). If parents did not provide
an explanation for their needing to spend more time with the sick child,
the well sibling may feel less loved. In XCID, siblings’ perceived abandon-
ment by the mother while she kept watch over the ill child during the BMT
hospitalization injured self-esteem. In addition, the X-linked nature of the
disorder caused a sense of self as flawed, differing from autosomal reces-
sive disorders in which the genetic responsibility is shared. The desire to
have a healthy son on the part of daughters in XSCID is both an attempt
to repair the injured sense of self as a carrier and a desire to repair the
mother’s loss of her own son.

The specific phenotype predisposes the dynamics in the family that
will impact the sibling. Conditions vary in terms of visibility, potential for
early death, caregiver burden, and so forth. Medical professionals must
take into account differences of genetic disorders they encounter in order
to offer appropriate psychosocial support to siblings.

SIBLINGS AS BONE MARROW AND STEM CELL DONORS

Many of the issues that have been presented so far permeate through-
out the sibling childhood cancer experience. Childhood cancer can be very
disruptive to family life and emotional well-being (Houtzager et al., 2004).
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It is common for young children whose brother or sister has cancer to be
frightened that the disease is contagious and that they too will develop
cancer. They may be worried about their sick brother or sister but feel
resentful about the attention their sibling with cancer is receiving, guilty
for having these emotions and for being healthy, and angry about the
lack of physical and emotional availability of parents. When a sibling dies,
survivor guilt is a commonly expressed emotion. Siblings who seem to
adapt well are those whose parents, extended family, and community pro-
vide support; there is an absence of parental depression; the family is
cohesive; there is a lack of secrecy; and effective parent-sibling commu-
nication about the illness exists (Cohen et al., 1994). In the case of the
sibling donor, understanding genetic information is critical whether the
transplant is to treat a primary genetic disorder or a malignancy.

Stem cell transplant (SCT) or BMT has evolved over the past two
decades from a heroic, experimental therapy of last resort to a first-
line therapy for many life-threatening hematologic and oncologic diseases
(Lipton, 2003). In addition to malignant and non-malignant disorders
and hematologic disorders (sickle-cell disease and thalassemia), allogeneic
stem cell transplants may be an appropriate intervention for children with
genetic disorders, such as immunodeficiency syndromes, osteopetrosis,
and metabolic storage disorders. Among pediatric patients undergoing
SCT, 75% receive healthy stem cells from a brother or sister (Packman,
Gong, VanZutphen, Shaffer, & Crittenden, 2004). With approximately
2,000 SCT transplants performed annually in the United States with
patients less than 20 years old (Center for International Blood and Marrow
Transplant Research, 2005), a critical need exists to understand the
psychosocial impact of donation in order to guide clinical care (Wiener,
Steffen-Smith, Fry, & Wayne, 2007).

The majority of studies examining the psychological functioning in sib-
ling donors are limited to BMT donors. While higher distress in pediatric
donor than non-donor siblings has been noted, most studies have been
limited by small sample sizes, non-representative samples taken from sin-
gle institutions, and qualitative and cross-sectional designs (Wiener et al.,
2007). Reported psychological reactions to the experience have included
depression, withdrawal, behavioral problems, lowered self-esteem, iden-
tity problems, psychopathology, guilt, resentment, post-trauma symptoms
(Packman et al., 1997, 2004), and anger following the donation proce-
dure (MacLeod, Whitsett, Mash, & Pelletier, 2003; Packman et al., 1997;
Wiley, Lindamood, & Pfefferbaum-Levine, 1984). Risk factors for poor psy-
chological functioning include age at donation with a risk of unresolved
developmental crises in adolescence (Packman et al., 1997), recipient
death (MacLeod et al., 2003), transplant complications such as graft
versus host disease (GVHD) or graft failure (MacLeod et al., 2003), lim-
ited involvement in donation decisions (MacLeod et al., 2003; Packman
et al., 1997), feeling coerced to donate (Packman et al., 1997), limited
preparation for transplant complications (MacLeod et al., 2003; Packman
et al., 1997), and individual sibling characteristics such as preexisting
psychopathology (Packman et al., 2004). In XSCID, resentment of having
had to be a donor, threats to the sense of self upon not being chosen
to be the donor, and damage to self-esteem upon death of the recipient
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led to potential long-term negative consequences for siblings, both donors
and non-donors (Fanos & Puck, 2001). A positive response to the donor
experience, such as improved family relationships, along with height-
ened intimacy between recipient and donor, has also been described in
conventional BMT donors (MacLeod et al., 2003; Wiley et al., 1984).

As sibling donors are actively involved in the transplant process, their
experience of the patient’s illness varies from that of healthy non-donor
siblings, though the risk for problematic adjustment and behavioral issues
may still be present (Stuber, 1996). Anecdotal and descriptive reports
address the intense stress that siblings experience as a result of the
recipient’s illness, the procedure to collect their own stem cells includ-
ing possible physical harm to themselves, separation from family during
the period of post-transplant hematopoietic recovery, and possible post-
transplant complications, including the subsequent death of the patient
(MacLeod et al., 2003; Wiener et al., 2008). Whether or not the transplant
is successful, each sibling’s family life will be interrupted by the transplant
experience. Transitioning beyond the transplant, siblings will have “good
days and bad days” and this experience frequently parallels the transplant
trajectory (Wilkins & Woodgate, 2007) and his or her pre-illness person-
ality. Therefore, obtaining a comprehensive psychosocial assessment of
the sibling donor’s strengths and vulnerabilities prior to transplant and
having a solid understanding of how the sibling might cope if the SCT is
unsuccessful (including whether the parents might unconsciously blame
the donor child) are essential components to the donation process.

The need for such psychosocial assessment and support prior to
genetic testing is compelling for families where one child has already been
diagnosed with a serious illness. This is often the case when a transplant is
under consideration. In such situations, the patient and his or her siblings
will be tested to determine their tissue type or human leukocyte antigen
(HLA) type. HLA types are determined by molecular typing in which the
DNA of the recipient and prospective donor are characterized to identify
specific genes that direct the formation of the HLA antigens on the sur-
face of cells. Similar to waiting for genomic information to be disclosed,
significant anxiety is often manifested while waiting to find out if a match
is available. The following vignette illustrates this distress as well as the
importance of family communication, sibling relationships, and guilt.

Case Example

Samuel was diagnosed with acute lymphoblastic leukemia at 11 years
of age and was treated with standard chemotherapy. He was in remission
for 2 years before relapse. At this point, an allogeneic SCT was recom-
mended and the family began the process of HLA typing. Sam lives with
his biological parents and younger sister. Sam’s sister Dawn presented
with anxiety manifested by difficulty sleeping, clinginess, and frequent
crying spells a week prior to her appointment for HLA testing. This was
followed by the development of a facial tick, complaints of stomach and
chest pains, and eventual school refusal. A psychological exam elicited
persistent worrying focused on fears associated with losing her brother,
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finding out she was a match and having to undergo a medical procedure
to collect her stem cells, and/or learning she has or will develop cancer.
Dawn expressed profound guilt associated with the possibility of being
a match and her brother subsequently rejecting her stem cells, getting
sicker, and dying. She also expressed frustration that her brother is often
“mean to her” and that their relationship has been “awful since he got
sick.” She wondered if he would do the same for her if she were diagnosed
with a life-threatening disease.

Counseling with Sam’s sister and family was initiated prior to test-
ing and focused on education surrounding the testing, the impact of
her brother’s diagnosis on the family, reduction of guilt, sadness about
the changes in their relationship and the lack of closeness she was
feeling, and learning new ways to communicate effectively within the
family. Counseling continued during and after the waiting period, and
this provided Dawn and her family with additional, much-needed psy-
chological support. Some important issues to consider prior to testing
include the psychological benefit to the child, competing interests between
the child and the parents/family, whether the child can give informed
assent/consent, and whether the timing to undergo testing is right in
order to make a psychological assessment and prepare the child and
family for testing (Chittenden, 2009).

Preparation: Assessment and Interventions

With no published data-driven clinical guidelines, psychosocial and
medical practices pertaining to donor preparation and assessment vary
from center to center and are largely based on anecdotal evidence, provider
preference, and clinical experience (Phipps, 2009). However, due to the
known stresses of donation, donor assessment prior to, during, and follow-
ing transplantation is recommended, depending on the age of the donor.
Investigations should include multiple measures of psychosocial adjust-
ment as well as qualitative designs that allow investigators to learn from
the donors themselves how they are coping with the SCT experience. A
separate interview with the prospective donor is recommended beginning
at approximately the first grade age level. In addition to conversations
and assent documents, written material should be provided to donors
and their parents. Depending on the donor’s age and learning style, this
could include booklets, coloring books, and videos, in addition to one-on-
one conversations with members of the transplant team and other sibling
donors about the SCT.

Pre-implantation Genetic Diagnosis

When SCT is the treatment of choice, compatible donors may not be
available. In such cases, parents might consider in vitro fertilization (IVF)
and pre-implantation genetic diagnosis (PGD). PGD allows parents with
a child suffering from a life-threatening disease to select an embryo that
will be a perfect tissue match with an older sibling. The baby’s stem cells
are then transplanted to the affected sibling with the hopes of curing the
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disease. The introduction of technically sophisticated treatments such as
PGD into the clinical setting may have a powerful potential to prevent ill-
ness and cure disease in novel ways, but determining whether the embryo
(and potential child) would be a suitable tissue donor for a seriously ill
sibling, when there is no actual benefit for that potential child, introduces
clinical, ethical, and social dilemmas (Brown & Webster, 2004).

In fact, since its emergence, PGD has sparked controversy and been
opposed by many groups. While evidence shows that PGD is safe with
children born following IVF and has no higher rate of birth defects
than children of normal pregnancies, ethical issues concern conscien-
tious objection to direct participation, discarding of healthy but unsuitable
embryos, and valuing “savior” or “designer” siblings in themselves, not
just as means to the other sibling’s ends (Bennett, 2005; Dickens, 2005).
When PGD is being considered, it is essential that physicians and coun-
selors assess the parent’s motivations to assure that the donor child is not
at significant risk of harm and exploitation. Some questions to review with
parents include the following: Will the child be expected to provide whole
organs to the older child later in life if that is necessary? What psycho-
logical effect will this have on the child, the older sibling, the rest of the
family? (Kahn & Mastroianni, 2004). Most parents will welcome sugges-
tions on how best to explain the unique circumstances surrounding their
birth when their children are old enough to understand.

Since siblings may be at risk themselves for a related disease, genetic
testing is often considered for the well siblings in the family. Even with
evidence of clear medical benefit, the psychosocial risks and benefits for
the child and the family for these patients should be assessed, discussed,
and weighed appropriately. If the issues have been thought through and
the family and provider decide to go forward, then genetic testing has
the potential to be a powerful tool in arming the family with knowledge
to aid them in early detection and/or prevention of disease (Chittenden,
2009).

SUMMARY AND CONCLUSION

This chapter explored the impact of serious pediatric illness on
siblings. We reviewed the literature on family communication, sibling rela-
tionships, parental mourning, and sibling guilt and shame; focused on
several serious pediatric genetic disorders; and described their differential
impact on siblings. The psychosocial effect of BMT and SCT on siblings
has also been discussed.

Providing attention to the psychological health of the well sibling is
critical. About 20-30% of children in the United States suffer from a
chronic disease or health condition, many severe enough to impact daily
life (US Census Bureau, 2005). The vast majority of these children have
well brothers or sisters. Increasing recognition of the unique needs of
siblings of children afflicted with serious conditions can be seen in the
burgeoning body of support groups for siblings such as Sibshops (Meyer
& Vadasy, 1994), summer camps such as Camp Okizu (Packman, Fine
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et al., 2004), and children’s books with such informative titles as I Wish I
Was Sick Too! (Brandenberg, 1978) and When Brothers and Sisters Get
Sick (Peterkin, 1992). Regional support programs such as the Sibling
Center in San Francisco (Fanos et al., 2005), as well as national pro-
grams (SuperSibs.org), and web sites for sibling support (e.g., “Band-aides
and Blackboards” and “The Sibling Connection”) attest to the growing
awareness of and response to the need.

Siblings of children with known genetic conditions face several chal-
lenges. Not only do they encounter the complexities of family dynamics
that evolve in situations with a chronically or seriously ill child, they
face the prospect of genetic implications for their own lives and that of
their children. New genetic discoveries will have sobering implications for
numerous childhood illnesses that currently are not specified as genetic.
Newborn screening programs will identify an ever-increasing list of condi-
tions about which little is known. Indeterminate and ambiguous results
will cause parental distress and preoccupation that may interfere with the
ability to parent both the affected child and the siblings. Since brothers
and sisters in families in which a child is identified with a disorder through
newborn screening may not be able to be tested until they are adults, sib-
ling relationships may be affected in important ways. All of these recent
developments need to be addressed in future research.

Medical professionals must recognize the seriousness of the impact of
pediatric illness on the well sibling and develop effective models of pro-
viding support. Siblings will create various modes of growing from and
mastering their experience, as many already have done, and achieve reso-
lutions that will lead and inspire others. With unique and powerful voices,
siblings will tell the story of their experiences in the years to come.
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Family Communication
of Genomic Information

BRENDA J. WILSON and HOLLY ETCHEGARY

INTRODUCTION

Genetic information is inherently both personal and familial. While
knowledge of personal genetic risk often generates information relevant
to other family members (information flow from consultand to relatives),
in many situations the first suspicion of genetic risk is itself prompted
by shared information within a family, that is, the family history (infor-
mation flow from relatives to consultand). Thus, except in contexts where
genetic testing is offered to all members of a general target population (e.g.,
newborn screening), the discovery or clarification of genetic risk generally
depends on the sharing of information between family members. In clinical
genetics as practiced in Western culture, therefore, there is a paradoxical
situation in which family information is often pivotal in risk assessment
procedures, but an individual consultand, whose genetic status may have
been clarified through the sharing of “family information,” may also have
the right to prevent disclosure of what is now “personal information” to
other family members.

The conflicts inherent in this situation have promoted discussion of
whether genetic information should be viewed as different from other
types of health information and treated as belonging to the family (Annas,
Glantz, & Roche, 1995; Gostin, 1995; Gostin & Hodge, 1999; Parker
& Lucassen, 2004; Lucassen, 2007). While professional and regulatory
bodies recognize the relevance of genetic information for family mem-
bers beyond the consultand, most prioritize the protection of privacy
over the duty to warn. Guidance may be absolute or near absolute: for
example, the French National Consultative Ethics Committee for Health
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and Life Sciences clearly indicates that the trust in the professional-
patient relationship must never be undermined by breaking confidentiality
(National Consultative Ethics Committee for Health and Life Sciences,
2003) and the National Society of Genetic Counselors’ Position Statement
on Confidentiality of Test Results states that “It is the right and respon-
sibility of the individual to determine who shall have access to his/her
own medical information, including genetic information” (National Society
of Genetic Counselors, 2002). Some professional bodies emphasize the
importance of discussing the communication of genetic information as
part of the pre-test counseling process and view this as the best way of ful-
filling the provider’s obligation to other family members (American Society
of Clinical Oncology, 2003; Taub, Morin, Spillman, Sade, & Riddick, 2004).
Finally, some bodies support the primary importance of preserving indi-
vidual confidentiality while allowing for the possibility that disclosure
to a relative against a consultand’s wishes may be legitimate when the
magnitude of potential harm from nondisclosure outweighs the harm of
breaching confidentiality. In general, the following conditions are often
set as a test for whether confidentiality may legitimately be breached
(President’s Commission for the Study of Ethical Problems in Medicine and
Biomedical and Behavioral Research, 1983; World Health Organization,
2003):

e Reasonable efforts have been made to persuade the individual to
disclose the information voluntarily and have failed.

e There is a high probability that harm to the relatives (possibly includ-
ing future children) will occur if the information is not disclosed
and there is evidence that the information could actually be used to
prevent harm.

e The harm averted would be serious. Some bodies suggest that
the harm should also be “imminent” (American Society of Human
Genetics, 1998).

e Precautions should be taken to ensure that only genetic informa-
tion directly relevant to the identified relatives’ own medical status
would be revealed. Information relevant to the individual must remain
confidential.

In reality, the burden of proof of probable, serious harm presents a
high bar for many genetic conditions, thus shifting the focus on to com-
munication of genetic risk as a primarily voluntary activity on the part of
consultands. The limited evidence which exists does in fact indicate that
most consultands want or intend to share information. A recent study of
intention to disclose BRCA1/2 genetic test results reported very high lev-
els of intention (up to 91%) to disclose to first-degree relatives (Barsevick
et al., 2008). A prospective study in the United Kingdom and Australia
calculated a rate of “clinically significant” non-disclosure of less than
1% (Clarke et al., 2005). Research consistently finds high frequencies of
communication with first- and second-degree relatives and less communi-
cation with those relatives who are less closely related (Forrest, Delatycki,
Skene, & Aitken, 2007; Forrest et al., 2003). While it seems that over 99%
of consultands communicate genetic information to relatives (Clarke et al.,
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2005), the scant research available on family members (as potential recip-
ients) suggests that there is often only limited awareness that (1) a genetic
condition was present in their family, (2) they themselves were at risk,
and (3) genetic testing and a variety of preventive options were available
(Sermijn et al., 2004). Thus, it seems that the majority of people having
genetic tests appear willing to share genetic risk information with other
family members, but they may not do so in a way that facilitates under-
standing of risk information in recipients (Peterson et al., 2003; Sermijn
et al., 2004).

The main purpose of this chapter is to describe the current state of
knowledge about how decisions are made to communicate or not, the
processes of communication, and the impact of disclosure or nondisclo-
sure of genomic information. From a clinical perspective, the key benefit
of sharing genetic information between relatives usually revolves around
the clarification of the risk status of other family members and the associ-
ated counseling and possible clinical interventions which ensue. In effect,
this is a case-finding approach, in which the goal is to ensure that peo-
ple who could benefit from risk assessment are identified and counseled.
However, just as the existence of a genetic disorder within a family has
implications, effects, and symbolism which go beyond strictly clinical con-
cerns, so do issues around communication demand broader attention.
Communication of risk information may depend on “active persuasion”
by a genetics professional (Elwyn, Gray, & Clarke, 2000), which is an
exception to the general principle of non-directiveness in counseling. Some
bodies go so far as suggesting that genetics professionals have the obli-
gation to “ask assertively” for help in contacting at-risk relatives (World
Health Organization, 2003).

Another important issue is how to support consultands who wish to
share genetic information with other family members, but face difficulties
in doing so, for example, because of feelings of guilt, anticipated disbelief
on the part of information recipients, or the perceived need to challenge
strongly held family “myths” about disease or disease risk (Wilson et al.,
2004). Sometimes the issue is quite simply that a consultand does not feel
equipped to communicate complex medical information adequately.

Although interest in communication is not new, and has been reflected
in more general studies of families and genetics (e.g., Pincus & Dare,
1978), specific research interest in this area has generally reflected the
recent rapid expansion in genetic knowledge and the increasing availabil-
ity of genetic tests. Two recent reviews (Wilson et al., 2004; Galff et al.,
2007) identified about seventy primary research studies concerned with
family communication published since the early 1980s, of which around
half had been published since 2004. In the policy arena, the issue has
received explicit attention particularly since the inception of the Human
Genome Project in 1990; in policy, regulatory and professional statements,
it has been addressed most often as a clinical practice issue relating to
professional protection of privacy and the duty to warn family members
(American Society of Human Genetics, 1998; National Society of Genetic
Counselors, 2002; American Society of Clinical Oncology, 2003; World
Health Organization, 2003; Taub et al., 2004).
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FAMILY COMMUNICATION AS PROCESS

Communication of genetic risk information among families is a
complex process affected by numerous individual, family, and disease
characteristics, as well as sociocultural factors (DeMarco & McKinnon,
2007; Wilson et al., 2004). As a result, a substantial number of both
barriers to, and facilitators of, family communication of genetic informa-
tion have been identified. In this chapter, we review the current literature
relating to family communication and suggest that these barriers and facil-
itators are intricately related to both the process and the function of family
communication.

The term “disclosure” is often used in relation to the communication
of genetic information; while it is useful as a description of a situation
at a given time (information having been “disclosed” or “not disclosed”),
it promotes the idea of passing on information as a single, discrete event.
This ignores the complexity of communication, which may be better viewed
as “a verbal and non-verbal process whereby different signs, symbols, and
silences are just as important as language and talking” (Forrest et al.,
2003; Wilson et al., 2004, p. 318). Gaff and colleagues (2007) concluded
that the communication of genetic risk information is best thought of as
a deliberate process including a number of actions. These include making
sense of personal risk (Forrest et al., 2003; Hamilton, Bowers, & Williams,
2005), considering the effects of disclosure, deciding upon exactly what
information to disclose, and planning the timing of disclosure (Gaff et al.,
2007; Hamilton et al., 2005).

Forrest and colleagues (2003) suggested that, before people disclosed
genetic risk information to other family members, they needed time to
make sense of their own risk before deciding whether and what to tell
relatives. Further, those who perceived their risk as ambiguous or uncer-
tain had more difficulties with disclosure. This first step in the process
of disclosing risk information to other family members may function as
a barrier to communication if consultands have difficulty comprehending
the meaning of their own risk.

When people do decide to disclose genetic information, they consider
the effects of disclosure on relatives, particularly children (Forrest et al.,
2003; McAllister et al., 2007). There is a dilemma underlying disclosure
decisions: the desire to provide family members with risk information that
is perceived to have important health and social ramifications is weighed
against the desire to protect relatives from emotional and psychological
distress (d’Agincourt Canning, 2006; Hamilton et al., 2005). In general,
family members’ vulnerability to the information, as well as their recep-
tivity to it, is assessed prior to disclosure, and these assessments are
based mainly on relatives’ life situation and personality (Hamilton et al.,
2005). Vulnerability is assessed by considering the amount of upset or
worry disclosure could cause, as well as the mental or physical health of
the relative (Hamilton et al., 2005). For example, Sobel and Cowen (2000)
reported that their participants had decided to whom they would disclose
test results based on whether their relatives could “handle it.” Receptivity
can be assessed by considering whether relatives would want the
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information (Hamilton et al., 2005). For example, if people perceived that
relatives would not act upon the information or they had already expe-
rienced a relative’s denial of the family illness, they were less likely to
disclose risk information about inherited high cholesterol (IHC) (van den
Nieuwenhoff, Mesters, Gielen, & de Vries, 2007).

Alternatively, receptivity can sometimes be assessed by considering
(correctly or otherwise) whether the risk information is relevant to a par-
ticular family member at all (e.g., a perception that boys do not “need”
to be told about risk for breast cancer; Forrest et al., 2003). Thus, the
second step in the process of disclosure can contain any number of bar-
riers to communication depending on the assessment of family members’
vulnerability and receptivity.

Inherent in communication decisions is a consideration of exactly
what information to disclose (Gaff et al., 2007). Individuals can be selec-
tive in what they disclose; for example, a study of families affected by
Huntington disease (HD) found that individuals disclosed a range of
information, from suspected symptoms, to their consideration of genetic
counseling, to their test results (Klitzman, Thorne, Williamson, Chung,
& Marder, 2007). Hamilton et al. (2005) reported that people at risk for
hereditary breast-ovarian cancer (HBOC) disclosed more of the informa-
tion gained during genetic testing than did people at risk for HD. For
example, the former discussed the need for others to be tested, family duty
to children, family members’ reproductive choices, and treatment options.
In contrast, those at risk for HD disclosed little more than test result,
unless asked to by siblings.

A consideration of the timing of disclosure is also part of the process
of family communication of genetic risk. There is a concern to disclose at
the “right time,” particularly when communicating with children (Forrest
et al., 2003; Gregory et al., 2007; Klitzman et al., 2007). The right time
could refer to key life transition phases (e.g., getting married, having chil-
dren), but it could also simply be the time at which children were perceived
to be old enough to understand. The teller also had to feel it was the “right
time” in that he or she was emotionally ready to disclose (Hamilton et al.,
2005). Practically, the right time could also refer to opportunities for fam-
ily gatherings during normal social contact where disclosure could take
place (Forrest et al., 2003), although it is also noted that the celebratory
nature of some events might work against feeling able to communicate
“bad news.”

Research has also observed the importance of “zones of relevance”
(Cox & McKellin, 1999; Parsons & Atkinson, 1992), that is, the conditions
under which genetic risk becomes salient and its meaning for the indi-
vidual and the family considered. Zones of relevance include critical life
junctures such as meeting a life partner, planning to start a family, or
beginning university or a new career. They also include episodes of illness
within the family (Cox & McKellin, 1999; Petersen, 2006). It is perhaps not
surprising that family communication of genetic risk is facilitated during
these zones of relevance.

Models of family functioning highlight family communication as a key
component influencing both family cohesion and flexibility (Olson, 2000).
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Positive communication skills facilitate healthy levels of family cohesive-
ness and {flexibility, whereas poor communication skills are thought to
hinder a family’s ability to change when needed (Olson, 2000). It is recog-
nized that the progression from suspected risk of illness to the diagnosis of
illness in an individual represents a period of great change and upheaval
for a family (Rolland & Williams, 2005). As such, the development of effec-
tive interventions to assist families in communicating about genetic risk
information seems a worthwhile goal. In order to do so, however, we need
to know exactly what happens in families as they communicate about
genetic risk.

COMMUNICATION BARRIERS AND FACILITATORS

Most research on family communication of genetic risk information
focuses on late-onset disorders, including HD (Hamilton et al., 2005;
Klitzman et al., 2007), HBOC (Hamilton et al., 2005; MacDonald et al.,
2007), and hereditary non-polyposis colorectal cancer (HNPCC) (Aktan-
Collan et al., 2007; Mesters, Ausems, Eichhorn, & Vasen, 2005; Pentz
et al., 2005). Other conditions studied include balanced translocations
(Suslak, Price, & Desposito, 1985; Wolff, Back, Arleth, & Rapp-Korner,
1989), recessive and sex-linked disorders such as cystic fibrosis (CF)
(Wilson et al., 2004), inherited high cholesterol (van den Nieuwenhoff,
Mesters, Nellissen, Stalenhoef, & de Vries, 2006; van den Nieuwenhoff
et al., 2007), and hemophilia (Gregory et al., 2007). In general, the find-
ings are consistent in their identification of barriers and facilitators which
are outlined below. We follow the broad classification of barriers and
facilitators used in Wilson and colleagues (2004) which include disease,
individual, family, and sociocultural factors.

Disease Factors
Inheritance Pattern

Various forms of inheritance carry different disease risks for family
members and may influence how and when people discover their own risk,
as well as how or if they share risk information with relatives. In reces-
sive disorders, for example, there may be too few cases in the family to
recognize a clear pattern of inheritance (Richards, 1996), potentially lim-
iting family communication about the disorder. In general, the evidence
is conflicting in recessive and sex-linked disorders, as well as chromo-
some translocations, about whether genetic risk information is shared
with relatives (Wilson et al., 2004). For example, some work on family
communication in families affected by CF has documented difficulties in
disclosing carrier information, finding only partial disclosure so that some
relatives were not aware of their carrier risk (Denayer, De Boeck, Evers-
Kiebooms, & van den Berghe, 1992; Ormond, Mills, Lester, & Ross, 2003).
In contrast, the presence of a close affected family member may facili-
tate communication about CF risk in the family (Ormond et al., 2003).
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More recent work reported that most parents shared their child’s sus-
pected or confirmed CF status with family members and also disclosed
relatives’ carrier risk (Dillard & Tluczak, 2005). In families affected by
hemophilia, at-risk carrier women reported few difficulties with commu-
nication. In general, their disclosure practices followed gender lines for
this X-linked disorder, sharing risk information mainly with mothers and
sisters (Sorenson, Jennings-Grant, & Newman, 2003).

A recent study observed differential communication patterns in obli-
gate and non-obligate carrier families affected by hemophilia (Gregory
et al., 2007). In that study, nondisclosure to daughters occurred more
often in families where the father was affected with hemophilia than in
those families where a son was affected. The authors speculated that
since fathers were less likely to have accidents or require treatment, the
day-to-day lived reality of the condition was more “invisible” to daughters,
hence there was less need to talk about the condition. This was contrasted
with disclosure to daughters in families with an affected son. In this case,
daughters were told about their brother’s condition and the need for them
to “take care” in social activities with their affected brothers (Gregory et al.,
2007, pp. 191-192).

It cannot be assumed that autosomal dominant transmission, pre-
sumably a more identifiable pattern of inheritance, assures more open
communication and awareness about genetic risk (Wilson et al., 2004). In
some families affected by HD, for example, family risk becomes salient only
when a close relative is diagnosed, sometimes out of the blue (Cox, 2003;
Etchegary, 2006). The sudden, unexpected discovery of HD in a close fam-
ily member, despite a limited awareness of HD in distant relatives, affects
subsequent disclosure decisions (Klitzman et al., 2007).

The timing of discovery of one’s own genetic risk has also influenced
disclosure behavior in the context of HBOC (Forrest et al., 2003) and
HNPCC (McAllister, 2002). Interviews with members of HNPCC families
revealed several social factors that either facilitated or blocked the pro-
cess of engaging with cancer risk (McAllister, 2002). For example, personal
experience with a relative with cancer and family “talk” about cancer were
identified as causal conditions that influenced engagement with cancer
risk. Further, ignorance of the family history and lack of personal experi-
ence with an affected relative were identified as intervening conditions that
blocked the process of engagement. Engagement may be an important
concept in genetic risk communication since highly engaged individuals
may be more likely to disclose risk information to other family members.

Important barriers to communication are lack of awareness of which
family members might be at risk and misunderstandings about pat-
terns of inheritance. For example, inherited high cholesterol (IHC) is a
group of hereditary lipid disorders (e.g., familial hypercholesterolemia)
that increases carriers’ risk for premature cardiovascular disease. van
den Nieuwenhoff et al. (2006) found that disclosure was less likely to
occur if patients were unaware that particular relatives could be at risk.
Misconceptions about the inheritance pattern of IHC, for example, believ-
ing IHC could skip a generation, also acted as a barrier to disclosure (van
den Nieuwenhoff et al., 2007).
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Disease Severity and Preventability

Research has not fully clarified the influence of disease severity
and preventability or treatment options on the disclosure of genetic risk
information. Some research suggests that more open styles of commu-
nication are reported in HBOC and HNPCC families than in HD families
because of the difference in potential risk reduction strategies and treat-
ment (Forrest et al., 2003; Peterson et al., 2003). The stigma sometimes
associated with HD has also been suggested to foster a closed com-
munication style in some HD families (Klitzman et al., 2007). Lehman
and colleagues (2000) used hypothetical vignettes to explore participants’
opinions on disclosure practices for preventable and non-preventable con-
ditions. Participants were more likely to agree that patients should inform
relatives when the disease was preventable than when nothing could be
done to prevent the disorder. In contrast, a more recent vignette study
found that disease severity and preventability did not influence agree-
ment that genetic information should be shared with relatives. However,
participants were generally more likely to agree that family members
should be tested for preventable conditions (Crabb, Tucker, & Young Mun,
2005).

Certainty of Test Results

Complicating family communication, the growing technical ability of
DNA sequencing enables the detection of increasing numbers of gene
variations whose risk and clinical consequences are unknown (van Dijk
et al., 2004; 2005). Accordingly, these sequence alterations have been
designated variants of uncertain clinical significance (VUCS), and they are
detected in a significant portion of test candidates.

It is also possible to receive an inconclusive test result; that is, a
consultand with a strongly suggestive family history tests negative for a
BRCA1/2 mutation in the absence of a known familial BRCA mutation
(van Dijk et al., 2004, 2005). This means that another, currently unidenti-
fied, mutation (“BRCAx”) might be related to the candidate’s strong family
history of cancer. Women receiving an inconclusive test result, therefore,
may be left with considerable uncertainty and psychological stress about
their genetic risk (Bish et al., 2002), making it difficult to understand their
own risk or the meaning of their risk for relatives (DeMarco & McKinnon,
2007; Farkas Patenaude et al., 2006). The ambiguity of much genetic risk
information may hinder disclosure to family members. For example, in
HBOC and HNPCC families, members with uninformative test results were
less likely to disclose risk information than those who received informative
results (Farkas Patenaude et al., 2006; Wilson et al., 2004). Such findings
highlight the need for research on the comprehension and communica-
tion of inconclusive test results. With the advent of predictive testing
for additional multifactorial diseases (e.g., thrombophilia, cardiac disease,
diabetes), uninformative test results will likely be more and more com-
mon, and more families may need professional guidance and support in
communicating ambiguous test results.
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Individual Factors
Emotions

A number of psychological factors affect the disclosure of genetic risk
information in families. Emotional reactions to risk information, includ-
ing feelings of guilt, shame, or blame, may hinder family communication
of genetic risk, particularly in families affected by HD which is stigmatiz-
ing for some family members (Etchegary, 2007; Klitzman et al., 2007).
Alternatively, feelings of guilt can motivate people at risk for inherited
cancer and IHC to undergo testing with the express purpose of provid-
ing risk information to relatives for their own risk management behaviors
(d’Agincourt-Canning, 2006; Hallowell et al., 2006; van den Nieuwenhoff
et al., 2007). This perception of genetic responsibility can create an emo-
tional burden for at-risk individuals. Indeed, communication of important
information about hereditary cancer is often perceived as difficult, not the
least of which is due to fears about causing anxiety in other family mem-
bers (Hallowell et al., 2003). Hallowell and colleagues (2003) noted that
disclosure of genetic risk information generates an ethical dilemma for
at-risk individuals in that they perceive a responsibility to inform Kin,
but must then accept that they may cause harm and worry to family
members.

Coping Strategies

People’s coping strategies for their own risk will also affect family com-
munication about the disorder, on the part of both the messenger and
the receiver. Personality differences between those family members who
want to know about their risk and those who do not could reflect a dif-
ferent style of coping with health risk information more generally (Miller,
1996). “Monitors” attend to and are more likely to process threatening
information, while “blunters” avoid health threat information and cues.
For example, blunters may be less likely than average to see a physician
or seek information in the face of a health threat. Thus, it is plausible that
monitors may be more likely to share genetic risk information, though we
are unaware of any research that has specifically measured this outcome.
Prior research does confirm, however, that monitors are more likely to par-
ticipate in health screening studies and genetic testing (Tercyak, Bennett
Johnson, Roberts, & Cruz, 2001a).

Other coping strategies in the form of psychological defense mech-
anisms such as denial and rationalization have been observed to hin-
der communication in both HD and HBOC families, as well as fam-
ilies affected by thalassemia (an inherited blood disorder) (Hallowell
et al., 2006; Klitzman et al., 2007; Petersen, 2006). Similarly, risk
denial and a fatalistic perspective about genetic risk acted as barri-
ers to family communication about IHC (van den Nieuwenhoff et al.,
2007).
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Family Factors
Type of Relationship

Research suggests that the nature and distance (both social and
geographic) of the relationship between family members influence fam-
ily communication of genetic risk. Across a range of disorders, disclosure
is more common to spouses and first-degree relatives and to those family
members to whom people feel emotionally close. In contrast, disclosure of
genetic risk information to distant relatives is less likely to occur or is car-
ried out in a more selective manner (Klitzman et al., 2007; Kohut, Manno,
Gallinger, & Esplen, 2007; Mesters et al., 2005; Petersen, 2006; van den
Nieuwenhoff et al., 2007; Wilson et al., 2004).

The most frequently cited reasons for not informing distant rela-
tives are lack of emotional closeness, not knowing the family member,
or lack of routine contact (Wilson et al., 2004). For example, Petersen
(2006) reported that geographical distance of family members acted as
a barrier to family communication across a range of disorders, includ-
ing CF, hemochromatosis, hemophilia, and thalassemia. People at risk for
IHC also cited lack of contact, particularly with second- and third-degree
relatives, as a reason for nondisclosure; specifically, “some participants
indicated that it would feel strange to suddenly contact estranged rel-
atives” (van den Nieuwenhoff et al., 2007, p. 1030). Emotional and/or
geographic distance acted as barriers to communication in research with
families affected by inherited cancers (Macdonald et al., 2007; Pentz et al.,
2005) and HD (Klitzman et al., 2007). Emotional distance is not the only
barrier to communication with distant relatives. For example, Klitzman
et al. (2007) reported that among siblings at risk for HD, emotional
distance was a barrier to communication about the family risk.

Family Communication Between Parents and Children

Relatively little research focused on the process of communication
about genetic risk between parents and their children and the subse-
quent outcomes for children in living with this information (Metcalfe,
Coad, Plumridge, Gill, & Farndon, 2008). This focus is important, how-
ever, since approximately 50% of mothers share BRCA1/2 test results
with minor-age children within a month of receiving them (Tercyak et al.,
2001b). Similarly, about 50% of BRCA1/2 mutation carriers disclosed test
results to their older children (15-38 years), immediately after receiving
them (Segal et al., 2004).

A growing body of work suggests that family communication between
parents and children is a complex behavior with psychological and emo-
tional consequences for both parent and child. Recent research suggests
that disclosing BRCA1/2 genetic risk information to children consisted
of three phases: the predisclosure phase, the disclosure phase, and the
impact of disclosure phase (Clarke, Butler, & Esplen, 2008), each with
its own challenges. Clarke et al. (2008) reported that women experienced
decisional conflict around communication with offspring, particularly with
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“

daughters: “... the decision to disclose was often described as an emo-
tionally laden challenge, in attempting to balance the moral obligation to
disclose whilst needing to protect the child from the impact of the genetic
information” (p. 800). Other research confirms that the decision to disclose
BRCA1/2 risk to children is associated with elevated levels of distress in
mothers (Tercyak et al., 2001b).

These findings were confirmed in a recent meta-synthesis of stud-
ies about parent-child communication across a range of genetic disorders
(Metcalfe et al., 2008). While parents often expressed a strong sense of
responsibility to discuss information about inherited risk with their chil-
dren, parents reported that, “... they, and their children, found discussion
difficult and that openness did not lessen the psychological and emotional
pain of living with the condition and knowledge of your own possible risk”
(p. 1196). Very few studies have considered outcomes of communicating
genetic risk to children; of those that did, mothers reported that children’s
overall behavior or well-being was not adversely affected (Metcalfe et al.,
2008). In contrast, in those families with closed communication patterns,
children were often frustrated with the family secrecy and relationships
between family members were tense (Metcalfe et al., 2008).

Some BRCA1/2 carriers reported that their children expressed sig-
nificant concern about their mother’s future health, as well as their own
testing options following disclosure (Segal et al., 2004). They also noted
that older children tended to want more information and facts, approach
the situation in a more logical manner, and show more concern for their
mother’s health. Younger children, on the other hand, expressed a higher
level of worry, as well as a stronger interest in testing and prevention (Segal
et al., 2004).

For the mothers, some experienced a feeling of “ongoing dishonesty”
toward their children, as well as feelings of guilt at the possibility of hav-
ing passed on the mutation to their offspring (Clarke et al., 2008). Despite
these concerns, however, Metcalfe et al. (2008) concluded in their review
that parents who openly communicated with their children did not regret
doing so. Further, in families with open communication, children were
reported to be more psychologically and emotionally resilient. It is notable
that majorities of parents in studies included in the review reported a
complete lack of support/advice from health-care professionals regard-
ing the communication of genetic information to children (Metcalfe et al.,
2008). However, several studies report parental interest in a variety of dis-
closure interventions. For example, Tercyak and colleagues (2007) found
that mothers undergoing BRCA1/2 testing endorsed several information
resource needs including literature about options and what to expect,
family counseling, speaking to other BRCA testing participants, support
groups, and speaking to pediatricians and psychologists. Similarly, Segal
and colleagues (2004) reported that mothers testing positive for BRCA1/2
mutations endorsed follow-up counseling sessions devoted specifically to
disclosure, family counseling, peer support groups of carriers and their
children, educational forums for families, and printed materials about
disclosure, as valuable resources.
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While health-care professionals or other resources may be needed in
a supporting role, disclosing genetic risk to children is generally viewed
as a parent’s responsibility (Forrest et al., 2003; Forrest Keenen et al.,
2005; Klitzman et al., 2007). If a parent refuses to inform children, this
can lead to family rifts later on when adult children discover their risk
for themselves (Klitzman et al., 2007; Petersen, 2006). In some families,
some members may believe it is important to inform relatives (e.g., nieces
or nephews) about risk, but communication may not occur since people
do not feel they have the “authority” to override a parents’ decision to
not inform children (Keenan Forrest et al., 2005; Klitzman et al., 2007;
Peterson et al., 2003). In this way, perceptions of disclosure authority
can act as a communication barrier. Sometimes, however, people feel their
responsibility is discharged when they inform their siblings, even if they do
not go on to inform nieces and nephews (Gaff, Collins, Symes, & Halliday,
2005).

Family Communication Style

Just as individuals differ in their coping styles, families may have
open or closed communication styles more generally, and these styles also
influence communication about genetic risk (Metcalfe et al., 2008; Wilson
et al., 2004). In general, families with open communication styles appear
more likely to communicate about the family’s genetic risks. In contrast,
families with closed communication styles appear more likely to experi-
ence difficulties talking about genetic risks (Holt, 2006; Klitzman et al.,
2007; Metcalfe et al., 2008).

There has been relatively little work on the identification and mea-
surement of family communication styles in the context of genetic risk
(Kasparian, Wakefield, & Meiser, 2007). Family communication about
genetic risk has largely been studied with qualitative methodologies, mak-
ing it difficult for researchers to adopt comparative study protocols or
to generalize across diverse diseases and populations (Kasparian et al.,
2007). In one exception, guided by family communication theory, Koehly
and colleagues (2003) reported that in families undergoing testing for
hereditary colon cancer, those with higher levels of cohesion were more
likely to discuss genetic risk and testing options with their relatives.
Models of family functioning suggest that highly cohesive families often
have more open communication patterns (Olson, Russell, & Sprehkle,
1989).

Holt (2006) suggested that an analysis of family communication pat-
terns be incorporated into clinical genetics assessment, to the benefit of
both families and counselors. Research confirms that parents report dif-
ficulties in talking about genetic risk with children (Clarke et al., 2008;
Hamilton et al., 2005; McAllister et al., 2007; Metcalfe et al., 2008), and
some patients would value professional support and guidance in talking
about risk information in their families (DeMarco & McKinnon, 2007; Gaff
et al., 2005; Segal et al., 2004; Tercyak et al., 2007). These findings raise
questions about the type of support that may be required for test candi-
dates as they negotiate the difficult process of communicating with family
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members about test results and the family’s risk. Facilitating family com-
munication about genetic risk is not currently a formal goal of genetic
counseling (McAllister et al., 2007). While genetics clinics often provide
family letters upon request and encourage clients to contact them should
their relatives have questions, genetic counseling normally leaves the dis-
semination of family risk information to the test candidate. However, if an
outcome of clinical genetics services is to promote individual and familial
well-being and coping following genetic testing, clinicians must find ways
to assist families with communication about genetic conditions (McAllister
et al., 2007).

There are a variety of additional resources beyond family letters
that may be beneficial to families in communicating about genetic risk.
For example, support groups have been used successfully with high-
risk women to provide psychological support and educational information
(DeMarco & McKinnon, 2007). Supportive-expressive group therapy also
improved psychological functioning in BRCA mutation carriers, although
this intervention did not address disclosure issues specifically (Esplen
et al., 2004). DeMarco and McKinnon (2007) also described retreats
and web-based supports that may be valuable information resources.
Intervention research that evaluates a variety of disclosure tools and
resources is a priority area for future research on family communication
of genetic information.

Family Myths About Inheritance

Richards (1996) described family myths — mistaken beliefs about
disease inheritance within the family — that can cause inaccurate risk per-
ceptions and act as barriers to communication. Common lay beliefs, for
example, are that a disorder may skip a generation and may present only
in one sex or only in first-born children (Richards, 1996). These beliefs
affect who in the family may be told (van den Nieuwenhoff et al., 2007) or
for whom the risk information is considered relevant (e.g., it may not be
relevant to boys or to second-born children). Richards (1996) noted that
such beliefs may serve a psychological defense function in families as they
cope with knowledge of a genetic disorder in the family.

Similarly, family members may “pre-select” which member will be the
one to develop the family illness, often based on similarity to an affected
parent or grandparent; this is commonly observed in HD families (Evers-
Kiebooms & Decruyenaere, 1998), but has also been observed in HBOC
families (Wilson et al., 2004). Beliefs about who will develop the illness
may have implications for family communication in that family members
who have not been pre-selected may not be informed about the family risk.

Sociocultural Factors
Gender

Richards (1996) noted that women are likely to play the role of “kin
keepers,” taking responsibility for their families’ health, including genetic
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risk. In families affected by HD and HBOC, for example, women were
more likely than men to collect family health information and records
and to seek genetic testing (Forrest Keenan et al., 2005; Richards, 1996).
d’Agincourt-Canning (2001) reported similar results in her interviews with
families at risk for HBOC. While both male and female participants per-
ceived a duty to share risk information with family members, only women
assumed responsibility for widespread disclosure to include distant rela-
tives. Men restricted their communication primarily to spouses, children,
and siblings. In the case of HBOC, the gendered nature of disclosure is
unsurprising given that breast cancer is largely a female disorder and
women are more likely to be tested than men (d’Agincourt-Canning, 2001).
d’Agincourt-Canning (2001) notes, however, that women may bear an
undue emotional burden, feeling an obligation to share risk information
with others, some of whom they do not know or from whom they are
estranged. The gendered nature of disclosure may also impede disclosure
of HBOC risk information to male relatives for whom the risk information
is in fact relevant (Forrest Keenan et al., 2005; MacDonald et al., 2007;
Wilson et al., 2004). However, in relation to HNPCC and IHC, which affect
both genders equally, males and females appear just as likely to share
risk information, at least with close relatives (Peterson et al., 2003; van
den Nieuwenhoff et al., 2007).

Concerns About Genetic Discrimination

Guttmacher and Collins (2003) suggested the most commonly
expressed fear about genetic information is that it will be used in ways
which are detrimental to people; for example, to deny them access to
health or life insurance, employment, or education. Across a range of
disorders, insurance concerns are cited as an important reason to avoid
taking a genetic test (Barlow-Stewart & Keays, 2001; Hall & Rich, 2000).
Hall and Rich (2000) noted that fear of potential discrimination was espe-
cially acute in people at risk for late-onset disorders, such as HD. Their
interviews with genetic counselors revealed that adults seeking testing for
late-onset disorders had high levels of concern about potential discrim-
ination, in sharp contrast to prenatal and pediatric counseling clients.
Whatever the reality of the situation (Billings et al., 1992; Barlow-Stewart
& Keays, 2001; Hudson, Rothenberg, Andrews, Kahn, & Collins, 1995),
anxieties about potential discrimination represent real concerns for indi-
viduals at risk for a genetic disorder and act as communication barriers
in families. In general, these anxieties inhibit or delay disclosure because
people want to protect relatives from potential discrimination (Etchegary,
2007; Forrest et al., 2003; Wilson et al., 2004). This perception may
change as countries introduce legislation to protect against genetic dis-
crimination. For example, the Genetic Information Nondiscrimination Act
of 2008 (GINA) (Genetic Information Nondiscrimination Act, 2008) pro-
hibits health insurers from denying coverage or charging higher premiums
to a healthy individual based solely on a genetic predisposition to a
disease. GINA also prevents employers from using individuals’ genetic
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information when making hiring, firing, job placement, or promotion deci-
sions. GINA does not apply to individuals affected by symptomatic genetic
disease. Bearing in mind that it appears to be fear of potential discrim-
ination, not necessarily actual experience or empirical evidence, it will
be some time before it is possible to judge whether the existence of laws
such as GINA reduces anxiety and promotes information sharing within
families.

Culture

Some research suggests that lay constructions of family and kin-
ship may influence people’s perceptions of genetic risk, genetic testing,
and disclosure practices (Forrest et al., 2003; Wilson et al., 2004). Thus,
perceptions of “what” and “who” is considered “family” influence com-
munication patterns and sense of responsibility for disclosing to certain
relatives (Forrest Keenan et al., 2005; Wilson et al., 2004). Wilson and col-
leagues (2004) note that since constructions of the family are inherently
social, they may not correspond with geneticists’ and others’ views of fam-
ily relationships, nor for which relatives the genetic risk has implications.
Both the culture and the ethnic context will likely influence perceptions
of “family,” along with attitudes toward genetic testing and the confiden-
tiality of genetic information (Wilson et al., 2004), all of which are likely to
affect disclosure practices.

This aspect of communication has received relatively little attention,
and Gaff and colleagues (2007) note the lack of diversity in studies
of family communication, most of which have involved participants of
Anglo-Saxon or Anglo-Celtic background. The importance of exploring this
subject in more diverse populations is illustrated by the work on cul-
tural understandings of cancer, genetics, and family in a population of
Chinese-Australian patients (Eisenbruch et al., 2004; Yeo et al., 2005;
Barlow-Stewart et al., 2006). Barlow-Stewart and colleagues (2006) noted
the importance of the notion of patrilineal descent in the construction
of kinship, such that asking about “close relatives” might miss informa-
tion about relatives on the maternal side (not considered to be as close
as paternal relatives); another product of this notion is that first cousins
on the paternal side might be considered by a consultand to be sisters
and brothers, because they share a surname. Eisenbruch and colleagues
(2004) also discussed how traditional Chinese beliefs could shape ideas
of inheritance and disease causation, even in highly acculturated individ-
uals. Their data revealed a pervasive belief in the notion of disease as a
form of ongoing family punishment and shame for the bad behavior of
an ancestor. This study also underlined how innocuous language used
by professionals could be interpreted negatively by patients; for example,
the specific term “faulty gene” can play into notions of bad luck, punish-
ment, and shame and act as a barrier to open discussion of the situation
within a family. The findings of these studies underscore the limitations of
research in communication which is limited to particular ethno-cultural
groups.
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FUNCTIONS OF COMMUNICATION

A key feature of most social interaction and interpersonal rela-
tionships is communication (Bandura, 1977). It serves any number of
functions, including a purely instrumental function that serves to convey
information, to a normative function through which appropriate norms
of behavior and belief are conveyed (Festinger, 1954). Communication
in families also serves similar functions (Koenig Kellas, 2005), and in
essence, the very functions of family communication can themselves act
as barriers to, or facilitators of, genetic risk disclosure.

To Convey Information

One of the basic functions of communication is to convey information.
In genetic risk communication, the function is to provide risk informa-
tion that is perceived relevant for other family members, particularly for
their own risk management decisions. A large literature confirms that
many people are motivated to undergo genetic testing in order to provide
risk information for family members (d’Agincourt-Canning, 2001, 2006;
Hallowell et al., 2006; Klitzman et al., 2007; Wilson et al., 2004). While
some individuals may encourage relatives to be tested, others simply con-
vey the risk information, along with the possibility of counseling and
testing, but refrain from persuading family members to get tested (Mesters
et al., 2005). Either way, the basic function served by the disclosure is to
convey information, and it is a facilitator of family communication about
genetic risk.

Alternatively, this function may serve as a barrier to family communi-
cation if the information to be conveyed is controlled in either its timing
or selectivity. As an obvious example, parents may withhold some or all of
the information about the family’s risk from their children until it is the
“right time” to disclose (Clarke et al., 2008; Forrest et al., 2003; Metcalfe
et al., 2008; Wilson et al., 2004). And as noted, people can be selective in
what information they convey to relatives (Hamilton et al., 2005; Klitzman
et al., 2007). In general, the selective nature of disclosure often functions
to protect relatives from emotional distress or concerns about discrimi-
nation (Metcalfe et al., 2008; Wilson et al., 2004). However, holding back
information undermines autonomy of decision making in those who are
“protected.” Further, in families with more closed communication, retro-
spective accounts of now adult children revealed feelings of guilt, fear,
and resentment that had not been discussed with parents (Metcalfe et al.,
2008).

There may also be differences in exactly what type of information is
being conveyed to relatives and for what purpose. For example, a recent
study found two different stages of disclosing genetic risk information to
relatives (Forrest, Curnow, Delatycki, Skene, & Aitken, 2008). Across a
range of genetic disorders, information was first relayed to relatives in the
crisis stage immediately following the diagnosis of a genetic condition in
the family. In this instance, the function of the disclosure was simply to
convey the terrible news, rather than convey information about relatives’
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own risk. Thus, at the time of diagnosis, the focus is on the diagnosed
family member and the health implications of the condition. In the subse-
quent post-diagnosis phase, further communication with family members
continued. The function of this communication shifted to warn relatives of
the implications of the diagnosis for themselves (i.e., their own increased
risk).

To Facilitate Coping

Another function of family communication about genetic risk is to help
a person cope with abnormal genetic test results or the family’s risk in
general. An example of the latter is the phenomenon of pre-selection, noted
earlier. In this way, family members select who in the family will go on to
develop the family illness, and risk communication is influenced by this
selection (Evers-Kiebooms & Decruyenaere, 1998). It has been suggested
that communication with close female relatives may be a strategy used
to cope with abnormal genetic test results (DeMarco & McKinnon, 2007;
McGivern et al., 2004). Indeed, a recent study found that 70% of female
participants reported the need for emotional support as a key motivation
for disclosure after BRCA mutation testing, compared to only 34% of male
participants (Finlay et al., 2008).

Similarly, McGivern and colleagues (2004) reported that participants
discussed feelings about their test results more often with female relatives
than male relatives; a widely reported finding in the literature (DeMarco &
McKinnon, 2007; Wilson et al., 2004). Differences in the mode of commu-
nication were also observed, such that female relatives were almost always
informed in person, while male relatives were informed over the phone,
in person or through indirect communication with another family mem-
ber (McGivern et al., 2004). Thus, the coping function served by family
communication acts as a facilitator of disclosure of genetic risk and may
also have implications for how risk is communicated. Research confirms
that disclosure may also have positive psychological effects in that it has
been shown to lower levels of distress and enhance personal relationships
(DeMarco & McKinnon, 2007; Gaff et al., 2005). More broadly, narrative
research confirms that stories serve as an important mechanism for cop-
ing with difficult experiences (Koenig Kellas, 2005), particularly illness
(Frank, 1998).

To Create or Maintain Identity

Related to the coping function, communication also serves to convey
or construct both individual and family identities (Koenig Kellas, 2005). A
large body of narrative research suggests that identity construction is a
central function of communication, serving to create and evaluate the self,
both in times of illness (Frank, 1998) and in the telling of family stories
more generally (Koenig Kellas, 2005). “In short, family stories affect and
reflect family culture by communicating who a family is - its norms, its
values, its goals, its identity” (Koenig Kellas, 2005, p. 366, emphasis in
original). It is reasonable to assume, therefore, that when a family talks
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about genetic risk, it may also be attempting to define its identity, partic-
ularly in terms of the illness (Sobel & Cowan, 2000). For example, Gregory
and colleagues (2007) observed that “a crucial aspect” of family commu-
nication about hemophilia was “that it concerned not only the facts and
the practical management of the condition, but also the communication
of family values about the condition and assurances that it could be dealt
with” (p. 195). Richards (1996) described family stories about “proneness”
for developing the inherited disorder based on resemblance to an affected
relative. In this way, family members try to make sense of the pattern
of observable disease in their family and cope with the illness (Richards,
1996). Kenen and colleagues (2003) observed family stories about women’s
family history of cancer which served to assist women in making sense of
not only the pattern of cancer in their families but also their own individual
risk. Stories about the family history of cancer served as both a facilita-
tor of and a barrier to family communication. For example, when both
male and female family members had been diagnosed with cancer, partic-
ipants’ stories reflected this history, and they understood the implications
of inherited cancer risk for male relatives. When family stories centered
on the “bad blood” on one side of the family, however, some participants
did not understand that breast cancer risk information was relevant for
male relatives (Kenen et al., 2003). Further, family stories also influenced
the heuristics women used to interpret their risk, which may also have
implications for risk communication.

The relationship between identity construction and communication
may have psychological implications for children in particular. For exam-
ple, McConkie-Rosell and Spiridigliozzi (2004) described parents’ dilemma
in communicating with their children about the genetic risk and its serious
implications, while simultaneously trying to foster children’s self identify
and self-esteem. When details of the family risk are not shared until later
in adulthood, children could be forced to re-think their self-identity at
that time, having implications for life aspirations and decisions (DeMarco
& McKinnon, 2007; Malpas, 2006).

FUTURE DIRECTIONS

It is notable that most published guidelines and recommendations
for health-care professionals on the communication of genetic risk infor-
mation appear to focus on nondisclosure, rather than on communication
(for a recent review, see Forrest et al., 2007). There is a need for more
comprehensive guidelines for genetics health professionals regarding the
process of counseling clients about the familial implications of their test
results and how best to share this information with other family mem-
bers. Even in cases of known nondisclosure, there is a “lack of clarity
about what individuals should reasonably be expected to do, and how
professionals should respond when they are aware that communication
within a family has failed or is blocked” (Gaff et al., 2007). Doukas (2003)
advocated the use of a “family covenant” in which genetics providers work
with consultands at an early stage to consider what information should be
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communicated, what should remain confidential, and exactly what should
be conveyed to whom - an “a priori negotiation of how privacy is to be
respected in the family” (Doukas, 2003, p. 318). The family covenant is
an innovative approach but has not been developed into a practical form
which can be evaluated in clinical practice.

A special issue which requires further research attention is the com-
munication of information to children about risk of late-onset disorders.
Policy statements and guidance documents consistently advise against
testing fetuses or minors for late-onset disorders which are not imme-
diately life threatening, such as cancer (World Health Organization, 2003).
The general view is that children should be allowed to make up their own
minds about risk assessment and testing when they are mature enough
to deal with the information. Duncan and colleagues (2005) conducted a
survey of genetics professionals in several countries and found widespread
agreement with this view and also documented 49 cases of testing for dis-
orders which could have late onset in minors, 22 in children aged under
14. In the latter group, the parents made the request for testing in 82%
of the cases, and only two of the children had been informed of their test
result. This is an exception to the general situation about “nondisclosure,”
where a person’s genetic risk is known to other family members but not to
the individual him- or herself. In this case, the child’s autonomy is chal-
lenged both by the testing decision, and by the non-communication of the
result. Whether this is balanced by the value of the information provided
by testing is not clear; Duncan et al. (2005) noted that only half of the
families were followed up, so a realistic estimation of harms and benefits
is lacking. Research and debate in this area is likely to be dominated by
the question of the appropriateness of genetic testing in itself (Bloch &
Hayden, 1990; Clinical Genetics Society, 1994; Marteau, 1994; American
Society of Human Genetics BoD & American College of Medicine Genetics
BoD, 1995; Michie & Marteau, 1996; Michie, 1996; Fryer, 1997), but the
issues which ensue regarding communication and disclosure also merit
specific attention.

Further to this, there is a notable lack of information resources and
disclosure tools for parents and children that might assist with genetic
risk disclosure decisions and practices. However, research indicates that
a variety of resources would be well received (e.g., written materials about
disclosure, family counseling, or talking to others who have participated
in mutation testing; Segal et al., 2004; Tercyak et al., 2007). Tercyak and
colleagues (2007) found that 78% of mothers were interested in accessing
three or more resources. Thus, an urgent area for future research is the
development and evaluation of resources specifically devoted to issues of
communication about genetic risk, notably between parents and children,
but also within the wider family.

There is also a need for research that takes family members (i.e., the
potential recipients), as opposed to probands (i.e., the potential commu-
nicators), as its focus; such research would be particularly valuable to
inform the ethical and legal considerations about duty to warn. Only lim-
ited research has studied family members’ perspective on this issue. In
one study, people at risk for hereditary cancer from families with a known



182 BRENDA J. WILSON and HOLLY ETCHEGARY

HNPCC mutation were actively identified and contacted directly by health-
care professionals (Aktan-Collin et al., 2007). Half of those contacted
agreed to participate (n = 286), and of these, 51% and 40% participated
in genetic counseling and testing, respectively. Notably 92% approved of
the direct contact, and nearly all were satisfied with their decision to par-
ticipate. In addition, no legal action or adverse reactions were observed
in the original consultands or their relatives. Aktan-Collan and colleagues
(2007) concluded that active recruitment of at-risk people may work well,
particularly in countries where registries are readily available to facilitate
recruitment. Other research with family members with a known HNPCC
mutation also found strong support for the notion that all family mem-
bers should be informed about the identified mutation in the family (Pentz
et al., 2005). Most also indicated that it was permissible for health-care
professionals to inform family members about their risk, with some not-
ing that professionals could help overcome barriers to communication in
the family (such as emotional or geographic distance or a consultand’s
refusal to disclose). However, some participants did distinguish between
the right to share news of a genetic mutation in the family and the right to
confidentiality of individual test results, thus upholding individual privacy
considerations (Pentz et al., 2005). These studies provide rich insights into
the contentious issue of the role of health-care professionals in the disclo-
sure of genetic risks; however, there is a dearth of research in this area to
make firm recommendations.

As the number of available genome-based tests increases, the issues
around communication and disclosure may become more prominent. This
may become evident as the focus shifts from genetic testing for risk of rare,
highly penetrant, Mendelian disorders to “profiling” individuals according
to groups of genetic variants believed to underlie disease susceptibil-
ity (Khoury, 2003). The individualized assessment based on a person’s
genomic profile is more likely to be quantitative (percent risk) than binary
(*high risk”/“low risk”) and will likely be mediated by lifestyle and envi-
ronmental factors. This complexity will offer challenges to comprehension
and probably make meaningful communication with family members more
difficult.

The prioritization of personal privacy over a duty to warn at-risk rel-
atives will be increasingly challenged as the ability to intervene in disease
processes improves. The increase in genetics knowledge is producing more
evidence about gene-disease associations, and DNA-based tests, than
about the utility of the resulting genetic information in prevention of mor-
bidity or mortality (Khoury, Millikan, Little, & Gwinn, 2004). Currently,
there are few genetic conditions where lack of knowledge of risk status is
life threatening and where effective interventions exist to prevent serious
harm or death. Some forms of hereditary cardiac arrhythmias provide an
example of the exception to this: the presenting symptom can be sudden
death, potentially preventable with medication or implantable defibrilla-
tors (Hodgkinson et al., 2005). Increasing ability to intervene effectively to
alter the outcome of serious disorders will challenge the balance between
the duties of protecting privacy and warning relatives; at some point, the
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debate will re-emerge about individual or family ownership of, and access
to, genetic information (Lucassen, 2007).

Overall, a positive approach to promoting family communication is
part of effective counseling for individuals, in terms of minimizing the
harm to the consultand from anxieties surrounding communication and
disclosure; the main route to promoting the well-being of the broader
family at risk is also through the decisions and actions of individual con-
sultands. Effective counseling requires an appreciation of the wide range
of factors which promote or hinder effective communication of genetic
risk within families and a willingness to explore these at an individual
level. Discussions about communication and disclosure are appropriately
broached as part of pre-test counseling, both in terms of understanding
general family issues which are relevant to the consultand (e.g., anxieties
about causing worry, family myths, cultural issues) and also in rela-
tion to context-specific issues (e.g., potential revelation of non-paternity,
unacknowledged adoption). Consultands have a right to make disclosure
decisions for themselves, and counselors have a duty to protect their pri-
vacy. However, both consultands and counselors have a duty to others
in the family who may be at risk, and counselors are expected, at the
very least, to ensure that consultands are made aware of this. There is a
reasonably widely held view that non-directive counseling is inappropri-
ate when the well-being of other family members is a matter of concern.
Some people may need help with communication, and it is in keeping with
the genetic professional’s role to offer practical assistance, for example,
by providing a letter for dissemination, by being available to disclose the
risk information to at-risk relatives, or by facilitating referrals of relatives
to colleagues, when they live at a distance. As noted earlier, counselors
could also make clients aware of any support groups in their area, as
well as refer them to known printed or web materials that may facilitate
disclosure.

In conclusion, genomic information is essentially family information,
and most people who learn about their own genetic risk are willing to
share information with family members. Communicating genetic informa-
tion raises awareness of risk in relatives, so that they may seek counseling
and clarification of their own status, although each person also has a right
not to be forced to learn about their own risk. Policies in most jurisdictions
prioritize the protection of individual privacy over the disclosure of genetic
information to relatives without the consultand’s consent, but most also
allow for overriding this duty in exceptional circumstances. While such
circumstances are currently rare, this may change as more effective inter-
ventions to prevent or ameliorate the impact of genetic disease become
available.

Finally, communication is a process not an act, is not always straight-
forward, and is not always complete or accurate; it is influenced by a
complex interplay of factors pertaining to the individual, the condition, the
nature of the risk information, and the family and broader sociocultural
context. As the nature of clinically relevant genomic information becomes
more complex, the challenges for effective communication within families
should be anticipated.
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Conveying Genetic Risk
to Teenagers

ISAAC M. LIPKUS

With the mapping of the human genome and the rapid discovery and
application of new technologies, recent years have brought about unprece-
dented advances in genetics and genomics, the latter being defined as
“the study not just of single genes, but of the functions and inter-
actions of all the genes in the genome” (Guttmacher & Collins, 2002,
p- 1512). In the foreseeable future, it is expected that predictive genetic
tests will be available for as many as a dozen common conditions (Collins &
McKusick, 2001). For example, strides have been made in the discovery of
genetic and genomic markers for such diseases as asthma, diabetes, cer-
tain cancers, and heart disease (Altshuler et al., 2000; Bell, 2004; Bottini,
Musumeci, Alonso, Rahmouni, Nika et al., 2004; Malerba & Pignatti, 2005;
Ober & Hoffjan, 2006; Palma, Ristori, Ricevuto, Giannini, & Gulino, 2006;
Sogaard, Kjaer, & Gayther, 2006; Wooster et al., 1994). Results of genetic
testing for these common disorders will be used to inform, often in indi-
viduals with family histories of the disorder, their chance of developing the
disease and as a consequence what steps can be taken, if any, to minimize
or eliminate future harm.

To date, results of genetic testing have been disseminated to adults
because the process of understanding risk is often difficult for the general
public (Weinstein, 1999) and may be especially so for youth. These chal-
lenges must be overcome if future genetic testing is to be performed with
youth, for example, to motivate them to engage in preventative and self-
protective behaviors in light of learned risk information. Overall, because
findings of genetic polymorphisms may have risk implications for other
family members, it is important that all relatives, including youth, for
whom the test result has implications, are adequately informed of their
risk of developing the disease.
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This chapter discusses potential methods for communicating genetic
risks to adolescents. It begins with a brief discussion as to how youth,
including adolescents, perceive illness causality and for whom discussions
of genetics may be most appropriate. Next, it examines some of the chal-
lenges that would be inherent in conveying risks to adolescents, followed
by the essential components of what it means to understand risks and
important outcomes related to risk communication processes.

Because probabilistic information is often transmitted numerically
(e.g., percentage, frequencies), this chapter discusses the concept of
numeracy, its various functions, and suggested practical methods of com-
municating numeric risk estimates. At the end of the section on numeracy,
the review includes the use of graphical displays as adjuncts in con-
veying numerical probability information, followed by details of other
approaches that rely less exclusively on probabilistic information and
more on the antecedents and consequences of risk (Rothman & Kiviniemi,
1999). This chapter concludes with recommendations for future research
in this nascent area of decision and behavioral science.

ILLNESS PERCEPTIONS: THE ROLE OF CAUSALITY

Helping youth understand the multitude of risk factors that contribute
to the etiology of common diseases, in order to encourage preventive
behaviors and self-protective actions, is a daunting task. One key chal-
lenge is how to best convey the complexities involved in describing
gene-gene and gene-environment interactions. How youth interpret and
act upon these messages depends, in part, on their causal beliefs about
illnesses.

Youth go through different developmental phases in determining
causality for disease. Several studies have classified developmental pro-
cesses in disease causality as closely resembling the stages of cognitive
development originally proposed by Piaget (Bibace & Walsh, 1980; Perrin
& Gerrity, 1981; see Burbach & Peterson, 1986, for review). In general,
the earliest explanations of illness causality are based loosely on immedi-
ate contiguous or spatial cues, with increasing differentiation of internal
and external causal factors, culminating in more concrete and abstract
notions of how external agents of disease become internalized to produce
illness.

One illustration is a classic study by Bibace and Walsh (1980). Via
coding of interviews with youth aged 4-11 years regarding how the com-
mon cold occurs, the researchers found evidence for three broad categories
of explaining disease causality: (1) prelogical, (2) concrete-logical, and (3)
formal-logical. The prelogical stage (roughly ages 2-6) was divided into two
domains: (1) phenomism, in which the child attributes the cause of illness
to an external, concrete event that may coincide with the illness but is
spatially or temporally remote (e.g., the sun did it), and (2) contagion, in
which illness is due to objects or events close to, but not touching, the
child or “magic.”

The concrete-logical stage (roughly ages 7-10) was divided into two
subcategories. In the first, contamination, children attribute the cause of
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illness to touching a harmful external agent or by engaging in acts that
produce harmful effects (e.g., violating rules of conduct such as not wear-
ing a coat when it is cold outside). In the second, internalization, children
begin to link how an external cause becomes internalized to produce ill-
ness (e.g., swallowing or inhaling). Although children now associate illness
within the body, they maintain confusion about internal organs and their
functions. A critical development in this phase is that youngsters now
begin to differentiate between internal and external processes of disease
and the mechanism through which external agents (e.g., germs) become
internalized (e.g., inhaling); further, single or multiple causes of diseases
may be given that allow the beginning of a rudimentary understanding of
interactions between causal factors (Pidgeon, 1985).

In the formal-logical stage (ages>11), diseases are seen as due to
physiologic and psychophysiological processes. Diseases are increasingly
explained by malfunctions in a series of internal physiological mecha-
nisms (e.g., blood circulation) and/or organs, as well as how psychological
processes (e.g., stress) may contribute to disease. Symptoms are seen as
being due to physiological malfunctions (Perrin & Gerrity, 1981).

By understanding children’s explanations, belief systems, and lay
models of disease causality, this provides an important backdrop in
which to consider how one might communicate with young people about
genetic illness. Specifically, these developmental phases have links to, and
implications for, risk communication processes. For example, thematic
discussions about gene-gene and gene-environment interactions may be
appreciated most strongly among youth in the formal-logical phase of
development. Further, youth at that phase are more likely to have a fuller
appreciation of how the body functions; as such, the relevance of genet-
ics and environmental causes to specific types of disease can potentially
be illustrated. When there is greater knowledge about the link between
internal and external causes of illness, it is possible that youth may
come to exhibit a greater sense of control over the disease occurrence
(Burbach & Peterson, 1986); this is key if the fundamental rationale for
conveying genetic risk information to young people is to encourage pri-
mary prevention. Paradoxically, though perceived control may facilitate
preventive behaviors (e.g., “I know I can do something about it.”), it is
also related to reduced perceived likelihood of harm (Klein & Helweg-
Larsen, 2002). In sum, those who wish to communicate with youth about
genetic risks need to be sensitive to developmental phase. Messages need
to be framed accordingly and in terms of causal beliefs exhibited during
a particular phase or else run the risk of promoting misperception and
misunderstanding about the role of genetics in health and illness.

CHALLENGES OF CONVEYING RISK TO YOUTH

From a developmental perspective, a central question pertaining to
risk communication is whether or not youth possess adequate cognitive
capacities to understand and apply probabilistic concepts such as the
ability to compute magnitude estimates, the ability to use frequencies,
and the ability to understand concepts related to causality (discussed
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in the preceding section). For example, key issues in the application of
probabilistic concepts are how conceptions of probability develop from the
preoperational stage of cognitive development (i.e., grasping concepts of
cause and effect) to the concrete operational stage of cognitive develop-
ment (i.e., engaging in the mathematics of probabilities) (Inhelder & Piaget,
1958).

The evidence thus far suggests that older children and adolescents are
quite capable (and often more adult-like in their thinking than they are
given credit for) to grasp and perform probabilistic tasks, especially when
potentially interfering or extraneous information that can hinder task per-
formance is eliminated or held to a minimum (see Reyna & Brainerd, 1994;
Reyna & Farley, 2006, for reviews). What remains largely unknown, then,
is whether or not communication approaches targeted to adults that con-
cern health risks could or should differ from risk communications that
focus on youth.

At the most basic level, this question centers on whether adolescents
process, interpret, and use risk feedback in fundamentally different ways
than do adults. Insights into these processes can be gathered by compar-
ing developmental differences in risk-taking behaviors (for example, using
abusive substances, engaging in unprotected sexual activities, and driving
while under the influence) between children, adolescents, and adults. As
summarized by Reyna and Farley (2006, p. 29)

Compared to adults, children and adolescents have been
found to be less able to delay gratification, inhibit their
behavior, plan for or anticipate the future, spontaneously
bring consequences to mind, or learn from negative con-
sequences; and adolescents do not view consequences as
being harmful as adults do, especially if the risk behaviors
are engaged in only ‘once or twice.” Children and ado-
lescents also behave more impulsively (beyond individual
differences that may linger into adulthood) reacting to imme-
diate temptations without thinking, and discounting future
rewards more heavily than adults do; and their goals evolve
in predictable directions that promote healthier long-term
outcomes.

These constellations of findings can affect various outcomes related
to risk communication. Consequently, there are several challenges that
need to be considered when targeting risk messages to adolescents — many
apply equally well to adults. These challenges are described in greater
detail below.

Time perspective: Several common diseases like heart disease, can-
cer, and diabetes most commonly occur during the middle years of life or
during older age. Youth may question, both implicitly and explicitly, the
saliency of concern about distal health problems and consequences when
compared to current and proximal life events (e.g., finishing school, dat-
ing, and tasks related to their identity development). It is expected that for
many youth, distant negative health events will be viewed in the abstract
and with little embellishment of what it means to live in these disease
states (e.g., how people who are affected by the illness think and feel about
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it, how it is coped with). Such abstractions of disease may attenuate the
perceived likelihood of disease occurrence (Trope & Liberman, 2003). A
challenge in risk communication, therefore, is making potential adverse
distant events more personally relevant to teens — perhaps by varying time
perspective.

Enhancing the saliency between genetic risk and disease. Perceptions
of risk and the actions that may be taken to avert harm are influenced by
experiences around adverse events (Weinstein, 1989a). Overall, because
most genetic polymorphisms related to common disease rarely elevate
a person beyond moderate risk, gene-environment interactions take on
a more prominent causal role. Consequently, for common diseases, if a
family member does not experience the disease in question, it may lower
youth’s perceptions of the significance of genetics in the causal attribu-
tions of risk. However, should the event occur, the important question is
what level of attributable risk does an adolescent assign to genetics as well
as environmental causes of disease?

This illustrates the need to better understand how youth mentally
construct prototypes of someone who is affected with a genetically linked
disease — the closer the youth match this image, the more at risk they
may be prone to feel (Gibbons & Gerrard, 1995) — as well as how they per-
ceive elements of the disease process. This may be captured, for example,
in their perceptions of illness or mental models of the disease in ques-
tion (Morgan, Fischhoff, Bostrom, & Atman, 2002; Leventhal, Brissette,
& Leventhal, 2003; Leventhal, Leventhal, & Cameron, 2001). As men-
tioned earlier, youth in the formal-logical phase have a deeper appreciation
for internal and external causes of health and behavior and interac-
tions among them. As such, educational efforts during this period of
development may be crucial to teach and reinforce the concept of gene—
environment risk factors for common diseases that could be incorporated
in their illness prototypes.

Adolescents may dismiss communications that aim to affect their per-
ceived vulnerabilities if these communications do not adequately address
elements deemed important in the disease process, including genetics.
Indeed, as Walter and colleagues argue, “differing senses of vulnerability
to different diseases will influence the way people respond when health
professionals discuss disease risk, particularly when lay and professional
models of vulnerability differ” (Walter, Emery, Braithwaite, & Marteau,
2004, p. 593). This suggests that more effective communication of genetic
risk information requires that health professionals explore their patients’
understanding of the meaning of genetic inheritance and the underlying
reasons for their sense of vulnerability to disease.

Aura of invincibility. Though adolescence is generally characterized as
the healthiest stage of live, many youth maintain the highly optimistic
(and, of course, unrealistic) belief that negative events are more likely
to happen to others than to themselves. This can serve to lower their
motivation to change risky behaviors in favor of healthier ones. Youth,
nonetheless, both overestimate observed probabilities for life events and
provide accurate predictions of life events (de Bruin, Parker, & Fischhoff,
2007; Reyna & Farley, 2006). This optimistic bias is pervasive across
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several events, especially those that are perceived as being more control-
lable (e.g., being fired from a job, getting divorced after 5 years of being
married; Weinstein, 1980; Klein & Helweg-Larsen, 2002).

Several cognitive and motivational mediators have been postulated for
the optimistic bias (Weinstein, 1989b; Weinstein & Lachendro, 1982) and
approaches to curb this bias have met with difficulty (Weinstein & Klein,
1995). Importantly, however, youth do not seem to possess a stronger aura
of invincibility than do adults (Beyth-Marom, Austin, Fischhoff, Palmgren,
& Jacobs-Quadrel, 1993; Quadrel, Fischhoff, & Davis, 1993), and this
suggests that adult-targeted interventions for overcoming this bias may
have similar effects on youth.

UNDERSTANDING OF AND OUTCOMES RELATED TO RISK
COMMUNICATION

Risk is a difficult concept to convey and is poorly understood by
the public (Fischhoff, 1995, 1999; Weinstein, 1999). A comprehensive
understanding of risk requires individuals to know the precursors (e.g.,
risk factors) of possible harm, likelihoods of experiencing harm, and the
pros and cons of preventative actions and their consequences (Weinstein,
1999). Teenagers, then, should understand the basic meaning of these
four components of risk.

Most attention in risk communication is focused on conveying prob-
abilistic information, perhaps due to the greater inherent complexities
involved in describing uncertainty for possible events than in describing
risk factors, consequences, etc. (Bogardus, Holmboe, & Jekel, 1999). A
critical issue in the success of these communications is whether health
experts, who are at the forefront of communicating genetic information to
patients or the public, conceptualize and build their communications on
the framework of what it means to understand a risk. Relatively few guide-
lines exist on evaluating the efficacy of risk communications (Edwards &
Elwyn, 1999; Rohrmann, 1992; Weinstein & Sandman; 1993). Below is
a summary of a few important outcomes that are used to evaluate the
efficacy of risk communication processes. These could be considered as
important when communicating genetic risk to adolescents.

e Engagement in recommended behavior(s): A risk communication is
deemed effective if perceptions of risk lead to health protective or
disease prevention behaviors. A risk communication is ineffective or
detrimental if it causes the person to act in a manner contrary to the
broader health message, such as a decision of a young person to con-
tinue smoking cigarettes due to genetic feedback that expressed less
susceptibility nicotine addition or lung cancer risk.

At times there may be no consensus as to what actions a person
should take to avoid risk — such as when the benefits and risks are
approximately equal, or when there may be no clear, consistent evi-
dence of benefit or harm existing in a change of behavior. In these situ-
ations, the focal outcomes may be whether the person understands
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the risks versus the benefits, makes a decision that is consistent with
his/her values, is satisfied with the decision reached, and decreases pos-
sible feelings of regret should the decision lead to poor outcomes (Edwards
& Elwyn, 1999).

Paying attention to the message: A key factor in any communication is
whether the target audience pays attention to the message. Risk mes-
sages that are attended to, as reflected in such outcomes as amount
of information processed and reviewed, recalled, used, and dissemi-
nated to others, can be considered effective in some situations. This
suggests that methods that engage youth in the active learning of
genetics and outcome of genetic testing (e.g., more engaging and inter-
active activities, vivid displays that capitalize on natural curiosities,
and tendencies toward self-exploration) may be more effective than
methods that passively disseminate information (e.g., pamphlets).
Acquisition of factual knowledge: Did the risk communication result in
greater understanding of the phenomenon in question, especially in
relation to the dimensions of understanding risk previously discussed
(e.g., knowledge of personal risk factors, understanding what actions
to take to reduce or prevent the negative outcome, understanding the
nature of the disease/event, understanding probabilities of an event
occurring)?

Effects on emotions: Risk communications can cause undue positive or
negative emotional reactions. For example, after receipt of risk infor-
mation, individuals may express heightened anxiety, stress, or anger
or they may (conversely) express unexpectedly high levels of posi-
tive affect in the context of probable negative outcomes. Emotional
responses can have important consequences in terms of decision-
making processes, behaviors, and perhaps psychological well-being
(e.g., do the resulting negative emotions from the risk communi-
cations, if sustained, lead to persistently negative mood states?).
Newer models of risk and decision making, such as risk as feelings
(Loewenstein, Weber, Hsee, & Welch, 2001) and the affect heuristic
(Slovic, Peters, Finucane, & Macgregor, 2005) suggest that emotions
do play important roles in decision making.

Judging perceived risks/benefits: Assuming that individuals are aware
of actions that can be taken to reduce their risk of harm, they
may understand neither the benefits and costs of such actions
(e.g., stopping cigarette smoking to reduce the chance of developing
smoking-related illnesses, but experiencing discomfort from symp-
toms of nicotine withdrawal) nor the benefits and costs of inaction
(avoiding nicotine withdrawal, but persisting in smoking and increase
the risk of premature morbidity and mortality). In addition, individuals
may have difficulty balancing the possible outcomes of their decisions
(how much is my risk reduced in light of the possible side effects?).
Evaluation of the messages: To what extent does the audience find the
information to be credible, accurate, useful, relevant, comprehensive,
trustful, and clear and easy to understand? Whenever possible, these
issues should be assessed. Some issues, like judging of perceived risks
and benefits of action and the evaluation of messages, are important
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mediators and moderators that can affect what the public health
community considers to be of primary interest: behavior change.
Naturally, variations in content and format of transmitting risk mes-
sages will affect the above outcomes differently, as (for example) the
use of numeric probabilities.

PROBABILISTIC APPROACHES TO CONVEYING RISK:
THE ROLE OF NUMERACY

A good amount of effort in conveying risk information is devoted to
increasing the public’s appreciation of the probabilities of harmful events
occurring, such as the chance of developing heart disease as a conse-
quence of an unhealthy diet. This chapter focuses on numbers to convey
probabilities because of their widespread usage for this purpose (e.g.,
absolute risks, relative risks, attributable risks conveyed via percentages,
frequencies). Because people have difficulties understanding and applying
mathematical concepts, numeracy is obtaining significant attention in the
health arena (Ancker & Kaufman, 2007; Fagerlin et al., 2007; Golbeck,
Ahlers-Schmidt, Paschal, & Dismuke, 2005; Nelson, Reyna, Fagerlin,
Lipkus, & Peters, 2008; Reyna & Brainerd, 2008). Admittedly, mathemat-
ical aptitude on standardized tests among children and adolescents in the
United States lags behind other countries, although scores are improving
(Reyna & Brainerd, 2007). Due to limitations in mathematical aptitude,
one can argue that strategies involving the use of numerical risk informa-
tion are likely to fail, which would be true if numeracy skills were used
primarily to solve and interpret numerical data. Research and theoriz-
ing in numeracy supports six separable functions of numeracy in health
decisions (Lipkus & Peters, 2009).

I. Numeracy facilitates computation: This dimension refers to specific
skills needed to perform mathematical operations, including knowing
how to seek information and what material to extract in order to per-
form these operations (Ancker & Kaufman, 2007), as well as knowing
when a mathematical computation is needed. These operations can
range from doing simple math, such as addition, subtraction, multi-
plication, and deciding on magnitude, to more complex problems like
calculus, statistical inferences, and performing a trade-off of risks and
benefits to make a medical decision.

For example, individuals may need to determine relative and abso-
lute risks and how they differ from baseline levels. In decision making,
some decision science tasks (e.g., standard gambles) require multiply-
ing the objective/subjective probabilities of events with their outcomes
to derive the “best” solution from among several options. In other set-
tings, individuals may need to perform mathematical computations to
perform trade-offs, such as calculating the expected benefits and risks
and deriving a net degree of risk or benefit (e.g., weighing across dif-
ferent health events the absolute risks versus benefits of performing a
preventive action). In terms of conveying genetic risk information, this
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dimension would require imparting necessary skills to adolescents in
order to enable them to make such computations.

II. Numeracy encourages more information seeking and greater depth of
processing: Separate from computation ability, this second functional
value of numeracy involves the motivation to seek and attend to
numerical health information. It is believed that this dimension is sep-
arate from the motivation to seek out and attend to general health
information (Hibbard, Peters, Slovic, & Tusler, 2005). When people
are presented with numerical information, some review it in a cur-
sory manner, if at all, while others process it in depth, making sure
numbers are accurate, making comparisons between numbers, per-
forming mathematical operations, etc. For example, when confronted
with numerical data in a print advertisement, does the person try
to process the data or skip it? Conversely, when no numerical data
are given, some individuals will actively seek this information, such
as when a person considering taking a genetic test asks for numeri-
cal data to determine his/her chances of developing a given disease.
Indeed, people often want numerical data when faced with important
decisions, perhaps because numerical data is seen as precise and
obtained through scientific means (Lipkus, 2007).

III. Numeracy improves interpretation of the meaning of provided numbers:
This dimension refers to the ability to make sense of numerical infor-
mation to reach a decision or solution. As indicated within the risk
communication literature, the attempt to understand numerical infor-
mation is often indexed by personal estimates of risk that match some
external criterion, and conclusions are derived from logically following
that criterion.

In the medical decision-making literature, the above would be indexed
by making a decision that maximizes expected or subjective utility. An
example of the former would be whether after receipt of health-related
feedback an adolescent provides a subjective estimate of her genetic risk
that matches an “objective” estimated risk as derived by several existing
algorithms (i.e., if told the risk is 3%, does she state 3%?). An example in
decision making is making a choice between two options and selecting the
option that is most likely to maximize expected utilities.

IV. Numeracy facilitates assessments of likelihood and value: Numeracy
can affect the reliability and validity of self-report quantitative mea-
sures (Schapira, Davids, McAuliffe, & Nattinger, 2004). As a result,
it also affects the meaning and utility of such measures. Oftentimes,
persons are asked to answer probabilistic questions like “What is your
chance of developing disease X on a scale from O to 100%?” Less
numerate individuals may have difficulties not only in understanding
the question but also in making use of response options or providing
a numerical estimate as part of an open-ended question. If so, it is
questionable whether their responses can be interpreted as meaning-
ful. Consequently, it is essential to conduct developmental research to
assess how well adolescents both use and interpret numerical proba-
bility scales. This is important given that there are no “gold standards”
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of assessing perceptions of health risks (Diefenback, Weinstein, &
O'Reilly, 1993).

V. Numeracy increases acceptance of numerical data: This dimension
involves whether the recipient accepts as valid the processes con-
tributing to the production of quantitative information and/or the
conclusions reached from it. Some individuals may comprehend
numerical data, yet discount the credibility of the source. They may
also discount how the information and its form (e.g., percentages, fre-
quencies) was obtained or used to derive a conclusion. For example,
adolescents may not agree with their personal estimates of genetic
risk if they feel the methods used to calculate the risk are based on
assumptions they find questionable. Though this level of critical think-
ing (or consumer skepticism) may be more characteristic of adults, it
is certainly possible to teach these skills to young people and they may
generalize to other settings and circumstances in their lives.

Numerical estimates provided from sources that are perceived as less
credible may be viewed as suspect. For example, some people view doctors
and large health organizations as trusted sources, while others do not.
Even with information from a generally trusted source, the conclusions
reached may be viewed as flawed due to technical elements.

VI. Numeracy promotes behavior change: This dimension suggests that
numeracy may affect the motivation to take action and engage in
behaviors based on quantitative information (e.g., someone who may
be genetically more susceptible to disease may take action to curb
their risk). Numeracy may either increase or decrease the likeli-
hood of action following some quantitative message, perhaps through
one or more of the functional values discussed: information seeking,
computation, interpretation of meaning, etc.

As the preceding functions suggest, how one conveys numerical
genetic risk data may need to be individually tailored to an adolescent’s
numeracy skills. Ideally, risk messages should be conveyed in a manner
that facilitates understanding while inducing little cognitive effort on the
part of recipients, thereby increasing the likelihood that these messages
will be effective. Below are some suggested ways of enhancing the commu-
nication of numerical risk that aim to foster solid understanding (Lipkus,
2007; Paling, 2003).

STRATEGIES IN THE USE OF NUMERICAL DATA TO CONVEY
PROBABILISTIC RISK INFORMATION

e Be consistent in the use of numeric formats. For example, do not com-
pare percentages with odds or frequencies. Make comparisons among
similar, rather than different, objects.

e Use the same numeric denominator (e.g., compare 5 out of 100 with
15 out of 100).
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Round numbers and avoid the use of decimals (Covello, Sandman,
& Slovic, 1988). Individuals understand more readily wholes than
wholes-plus-parts (e.g., it is easier to grasp 30 than 29.6; Brase,
Cosmides, & Tooby, 1998).

Risk perceptions vary based on whether communications using ratios
that differentially or equally emphasize the numerator (which often
represents the number of individuals affected) and the denominator
(which often represents the total population at potential harm). In gen-
eral, the literature is inconsistent with respect to whether individuals
pay more attention to the numerator or the denominator (Halpern,
Blackman, & Salzman, 1989; Yamagishi, 1997). Where the emphasis
is placed - on the numerator or on the denominator or on both the
numerator and the denominator equally - is what may decide which
aspect is attended to most. The resulting impression of risk is likely
to be influenced by such placement of emphasis (Stone et al., 2003;
Stone, Yates, & Parker, 1997).

The expressions of mathematically equivalent ratios present their

own challenges and may result in varying perceptions of risk (Reyna &
Brainerd, 2008). For example, according to the ratio-bias phenomenon
(Alonso & Fernandez-Berrocal, 2003; Denes-Raj & Epstein, 1994; Denes-
Raj, Epstein, & Cole, 1995; Pacini & Epstein, 1999), expressing a ratio
as two smaller numbers (e.g., 1 out of 10) leads to lower perceptions of
event likelihood than the same ratio incorporating larger numbers (e.g.,
10 out of 100). Even though both are mathematically equivalent to each
other, conveying a ratio using the latter format may increase the perceived
magnitude of risk.

Numbers close to zero (e.g., 1% or less) may be dismissed as represent-
ing no risk. Events that are perceived as well understood, familiar, and
less severe may be more readily dismissed than events that are more
poorly understood and viewed as more consequential (Verplanken,
1997; Fisher, MCClelland, & Schulze, 1989). If the idea is to stress
some level of risk, regardless of how small, a message to this effect is
in order (“Even though the risk is extremely low, it may still happen.”).
Communications of relative risk state the risk is “X times” higher than
another (“If you are susceptible to disease Y, your chance of getting
a disease is twice as likely compared to those found not to be sus-
ceptible.”). This often results in an overestimation in perceived risk
(Covey, 2007; Edwards, Elwyn, Covey, Matthews, & Pill, 2001; Moxey,
O’Connell, McGettigan, & Henry, 2003). If the goal of the communi-
cation is to achieve a more accurate assessment of risk, one must
specify the relative risk and include the baseline value. (“The chance
of individuals found not to be susceptible to disease X is 1%, while
those found to be susceptible is 2%; therefore the chance of getting
the disease is doubled among susceptible versus nonsusceptible indi-
viduals.”). Including base rate information often reduces the perceived
risk (Covey, 2007; Natter & Berry, 2005), and including it along with
relative risk has been recommended for conveying risk data (Edwards,
Elwyn, & Scott, 1999). For the issue as to when people attend to base
rates, the reader is referred to the review by Koehler (1996). Again,
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basic research on adolescents in this context is sorely lacking but
highly needed.

e Many health communications use percentages to convey relative risk.
Informing individuals that they have a certain percentage greater or
lesser risk is vague (e.g., “Those who took the medication reduced their
cholesterol 14% compared to those who did not take the drug.”). To
make the comparative percentage more meaningful, specify the base-
line risk value (e.g., “On average, the risk is 5%. Your risk may be 10%
higher, that is, 5.5%” — or, to simplify, around 6%.).

e Avoid having adolescents undergo complex calculations (Waters,
Weinstein, Colditz, & Emmons, 2006). Simplify the calculations, be
explicit about how to conduct the calculation, or provide a summary
of the result(s) with some discussion of what the result means (e.g.,
“When we add your two risk factors, lack of physical activity and your
genetic makeup, your risk is 2 out of 100; that is, among 100 peo-
ple like you, we expect that, on average, two will get heart disease by
the time they turn 50, assuming that they continue to be physically
inactive.”).

e If a specific action or interpretative standard/threshold exists in rela-
tionship to a numeric risk value, provide it. For example, if average
risk represents a value of 1 out of 10,000, inform the target audience
that values above this threshold involve greater than average risk,
along with any recommendation for action. Good examples of such
communications exist for environmental risks (e.g., radon; Sandman,
Weinstein, & Miller, 1994; Sandman & Weinstein, 1994).

e If possible, avoid using logarithmic scales, which are poorly under-
stood by the populace. For example, it is generally difficult for
laypeople to fathom how a risk of 1 in 1,000,000 is that much differ-
ent than a risk of 1 in 100,000 — most do not experience these events,
and adolescents are even less likely to have experienced rare events.
However, there have been suggestions to use logarithmic scales, such
as the Pauling Perspective Scale (Paling, 1997; Stallings & Paling,
2001). A study on blood transfusion risk comparing this scale with
a written numerical form using a “1 in X” format revealed no differ-
ences in knowledge about or in perceptions of transfusion risk (Lee &
Mehta, 2003).

The success of these numeric strategies to inform the public about
probabilities of harm is often manifested in two ways. The first approach
assumes understanding by an existing match between the provided
numerical estimate and the individual’s estimate, although there may be
several reasons why a match does not occur (Lipkus, in press). The sec-
ond approach suggests that there is an understanding when the individual
correctly ranks the order of events from least likely to most likely to occur.

The utility of these strategies can also be judged in other ways to
evaluate the efficacy of risk communications (for example, do people at
the same level of risk behave similarly) as well as in relations to the out-
comes mentioned earlier (e.g., evaluations of the message) (Weinstein &
Sandman, 1993).
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Of critical importance is the inherent meaning that youth derive from
the numerical information provided. Indeed, while computed or derived
probabilities may be incorrect, an individual may take away the correct
interpretation. For example, if a probability is close to zero, the impor-
tant message is that while the likelihood of the event occurring is low,
its occurrence is still possible. If need be, summary statements describ-
ing main take home message should accompany such information. These
messages should be communicated in plain/lay language to foster better
understanding.

THE USE OF GRAPHICAL DISPLAYS AS ADJUNCTS TO
CONVEYING NUMERICAL PROBABILISTIC RISK INFORMATION

Numbers, despite their strengths, have several limitations (see Lipkus,
2007, for review); therefore, an alternative and complimentary strategy
of conveying risk magnitudes is to use graphical displays (see Ancker,
Senathirajah, Kukafka, & Starren, 2006; Lipkus & Hollands, 1999, for
reviews). Graphical displays are especially effective in conveying relative
risks and changes in risk by capitalizing on basic perceptual processes.
Early on, children are able to make automatic perceptual estimates of rel-
ative magnitude of visual objects that can inform probability judgments
(Reyna & Brainerd, 1994; Reyna, 2008). Graphic displays may be one
mechanism to convey relative risks to children.

A method that is easily understood by even very young children is to
show them spinners (Reyna & Brainerd, 1994). A spinner is, basically,
a pie chart with an arrow originating from the center that can be spun.
Once spun, it lands on a color-coded segment of the pie. The amount of
area devoted to a colored segment represents the probability. For example,
a pie chart can display a 25% chance of getting a disease by having a
red-colored segment apportioned to 25% of the area, with the remaining
75% colored blue. Having youth visualize how often the spinner lands
on the red segment provides an experiential account of the magnitude of
risk. If the task is to compare two different probabilities (e.g., “Which one
is more likely to occur, 40 or 60%?), two different spinners can be used
to illustrate the relative magnitude of risk (see Reyna & Brainerd, 1994,
Figure. 11.2).

Differences in relative risk can also be illustrated with histograms —
the height difference between two or more bars provides perceptual infor-
mation about differences in risk. Similarly, relative risk is conveyed well
via the use of stacked bars whereby a single bar represents the fre-
quency or proportion of people with or without a genetic alteration.
Stacked bars are useful because they make the numerator and denomina-
tor more salient and hence help to avoid issues of denominator neglect —
a contributing cause to overestimation of small risks and confusion
with conditional probabilities such as calculating sensitivity and speci-
ficity (Reyna, 2008). Venn diagrams might also be useful in clarifying
nested classes of events that typify ratio judgments (i.e., whole-to-part
relationships).



204 ISAAC M. LIPKUS

Risk ladders represent yet another tool that can inform relative risk
judgments (Sandman et al., 1994). Events placed higher on the ladder -
the ladder typically being a vertical scale — are assigned greater risk com-
pared to events at the bottom of the ladder. Of import, risk ladders can
denote when a risk crosses a threshold point demarcating when action
might be needed, along with the specification of the action required. These
action statements might be especially useful to youth who often have
difficulty contemplating future events.

Finally, changes in risk over time are well captured by line graphs,
which are often used in survival or mortality curves (Mazur & Hickam,
1994). For example, changes over time in the probability of being afflicted
by a disease with or without a genetic origin can be graphed via two
lines. Change in risk over time between these two conditions is inferred
by differences in direction and slopes (Zikmund-Fisher, Fagerlin, & Ubel,
2007).

In sum, comparisons of risk magnitudes often aid in assigning mean-
ing to inform risk judgments. Graphical displays, by capitalizing on
automatic perceptual processes, can overcome some of the weaknesses
of numerical information by making magnitude of risk comparisons more
salient. This perceptual salience may be more easily retrieved from mem-
ory and more striking than the precise numerical values that often
accompany risk messages. Additionally, graphics and pictures may be
more appealing and engaging to young people.

INCORPORATION OF PROBABILISTIC INFORMATION WITH
OTHER RISK COMMUNICATION APPROACHES

A potential weakness with conveying genetic risks that focus entirely
on probabilities of harm, whether the probabilities are presented numer-
ically or otherwise, is that they capture only one, albeit critical, aspect
of what it means to “know a risk.” A parallel approach to conveying
risk is more contextual; contextual approaches focus on the causes,
risk factors, and consequences of the disease (Rothman & Kiviniemi,
1999). Consequences include the psychological (e.g., emotions, mental
well-being), social (e.g., effects on social relationships, such as level of
social support, well-being on others), economic (e.g., costs of treatment),
and physical (e.g., level of functioning; pain). Both risk factors and con-
sequences are dimensions related to people’s illness beliefs that shape
perceptions of a disease (Leventhal et al., 2003). One can envision contex-
tual approaches to risk communication as being specific instances of how
to modify illness beliefs.

Contextual approaches may be more suited to conveying risk to
youth than approaches that focus on risk probabilities. As mentioned,
some youth have problems in spontaneously bringing consequences to
mind, learning from negative consequences, and assigning equal amount
of harm as adults to negative consequences (Reyna & Farley, 2006).
Contextual approaches can address these shortcomings in risk judg-
ments; probabilistic approaches do not. Moreover, as described below,
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contextual approaches can illustrate the link between internal and exter-
nal disease causes — especially gene-environment interactions — and may
facilitate educational efforts bridging different stages in the development
of disease causality, such as progressing from concrete to formal-logical
thinking.

Helping adolescents understand how a risk factor, in this case genet-
ics, contributes to the etiology of disease is inherent in the discussion
of risk factor information. For example, how does a genetic mutation
translate to increased risk and through what mechanisms are biologi-
cal processes affected? Understanding the mechanisms through which
a genetic alteration can affect risk (e.g., abnormal cellular replication,
absence of producing a needed protein) may help pinpoint ways to lower
risk by intervening in the causal chain, if possible. These efforts can indi-
rectly affect perceptions of what can be done to avert and control risk,
which is a dimension of understanding risk as well as an element of illness
beliefs.

While there are no shortages of approaches to conveying risk fac-
tor information and the consequences of disease (flip charts, worksheets,
videos, etc.; Rothman & Kiviniemi, 1999), one promising approach is to
engage adolescents in the active learning of genetic information, such
as through the use of science education. One of the major goals of sci-
ence education is to help young people gain general science literacy so
as to make more informed decisions about health, lifestyle, and societal
issues. Regrettably, national samples of high school students rank low in
science achievement relative to other developed nations (Takahira, 1998)
and their achievement in science continues to decline (National Center for
Educational Statistics, 2006).

Teaching science within the context of a topic that is already interest-
ing to students increases the likelihood that students will learn (Kwiek,
Halpin, Reiter, Hoeffler, & Schwartz-Bloom, 2007; Schwartz-Bloom &
Halpin, 2003). Students are often exposed to issues of a scientific nature
that impact their daily lives. Popular topics in high school biology classes
include discussions of evolution versus intelligent design, the safety of
herbal drugs, stem cell therapies, and genetic testing. At the University
of Utah’s Genetic Science Learning Center, strides are being made using
science education to create modules that explain how genetics relates to
our lives and society (www.learn.genetics.utah.edu). As a case in point,
there is evidence that adolescents are becoming interested in the genetics
associated with vulnerability to nicotine addiction (Tercyak, Peshkin, Wine
& Walker, 2006).

Given the interest in and strides being made to identify genetic poly-
morphisms related to addiction (Bierut et al., 2007; Saccone et al., 2007),
genetic testing for nicotine addiction may occur in the foreseeable future.
To illustrate how we might communicate the processes of addiction and
the role of genes to adolescents, we consider the case of the dopamine
receptor gene DRD2, and dopamine transporter gene SLC6A3, that are
among some of the most widely studied genes hypothesized to influ-
ence nicotine dependence (Lerman et al.,, 2003; Stapleton, Sutherland,
& O’Gara, 2007; Swan et al., 2005).
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In addition to any classroom training, a multimedia science educa-
tion module can be loaded onto a laptop computer. The theme of the
module would focus on nicotine addiction as a disease that is similar to
other chronic relapsing diseases, such as hypertension or type 2 diabetes.
Individuals are not born with these illnesses; rather, they emerge when
a person with a certain genomic profile is exposed to an environmental
trigger such as smoking or high-fat diets. The educational module would
have three sections that cover the following topics concerning nicotine
addiction:

e Nicotine pharmacology or “how nicotine works”:

¢ Nicotine binds to “nicotinic” receptors (proteins) all over the brain to
change electrical activity.

e In the midbrain, nicotine binds to receptors and causes the release
of dopamine, which is responsible for pleasurable effects (called the
“reward pathway”) and desire to seek cigarettes.

¢ Nicotine produces other effects such as increased alertness, decreased
anxiety, and appetite.

e Key cellular events in the development of nicotine addiction:

e The ability of nicotine to release dopamine in the reward pathway is
important.

e Dopamine released at the midbrain dopamine synapse binds to
dopamine receptors such as DRDZ2; this underlies reward and pleasure
(see Figure 1).

e Dopamine action is terminated by binding to dopamine transporters
such as SLC6A3 on the releasing neuron (see Figure 1).

e With repeated exposure to nicotine, nicotinic receptors become less
sensitive and alter their number.

e Changes in nicotinic receptors underlie tolerance and dependence
on nicotine; these usually precede addiction (represented by craving
when nicotine is not present).

e With repeated exposure to nicotine, dopamine release becomes
reduced; this explains craving and the attempts to increase dopamine
release by smoking more.

Figure 1. Typical dopamine synapse containing the protein products (the dopamine receptor
and transporter) of the DRD2 and SLC6A3 genes.
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e Onset of tolerance, dependence, and addiction varies with the individ-
ual (e.g., their genetics).

e Genetic factors:

e Several gene polymorphisms may contribute to the risk of developing
nicotine addiction; focus in on two examples of proteins (dopamine
receptor and transporter) that play a role in addiction.

e People who carry different forms of the dopamine (a neurotransmit-
ter) receptor gene or the dopamine transporter gene can experience
stronger craving for nicotine leading to difficulty quitting; having both
genetic alterations is additive.

e People who carry a form of the dopamine receptor gene and/or the
dopamine transporter gene respond differently to nicotine cessation
drug therapies.

The module would contain illustrative 3-D graphics showing the
action of nicotine at the cellular level (Figure 1). The pictures could depict a
typical dopamine synapse containing the protein products (the dopamine
receptor and transporter) of the DRD2 and SLC6A3 genes, respectively
(i.e., the markers of interest). Following the presentation, participants can
be asked questions to assess their basic understanding of the informa-
tion (e.g., What are the roles of the DRD2 and SLC6A3 genes? What is the
level of risk associated with having polymorphisms in DRD2 and SLC6A3
genes?).

This science education approach -capitalizes on active learning,
whereby the learner acquires new knowledge through interesting and
current interactive activities; interactive activities are postulated to pro-
mote greater elaboration of the information, therefore facilitating the
active construction of new knowledge (Kalyuga, 2007). This compares to
didactic learning, whereby the learner more passively acquires knowledge
through listening and/or reading materials. It has been suggested that
an active learning approach is more effective for learning abstract sci-
entific concepts, including issues of genetic risk, by helping to create
and reinforce mental models (i.e., knowledge structures) than didac-
tic approaches (Dede, Salzman, Loftin, & Ash, 1997; Kaphingst et al.,
2009). Given advances in interactive technology, active learning can be
facilitated through the use of immersive environments, such as virtual
reality.

Virtual reality has several advantages as a potential science education
tool (Blascovich et al., 2002; Kaphingst et al., 2009; Persky & McBride,
in press). First, it allows the educator to create a realistic portrayal of the
environment of interest while affording a high degree of experimental con-
trol by manipulating the critical factors that persons experience. Second,
it allows the educator to manipulate factors that would be immutable,
invisible, or intangible. For example, one can change characteristics of the
person, such as height and weight, and create artificial environments that
could not be experienced (e.g., becoming part of a human cell). Third,
virtual environments allow the educator to capture distinct behaviors
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that would be difficult to capture in real-life settings, such as nonverbal
behaviors (e.g., visual gaze).

Virtual reality can be used to illustrate how the dopamine receptor
works. In this case, youth can be made to feel they are on a dopamine
receptor and examine the range of activities that occur (e.g., update and
release of dopamine) and how these may differ as a function of different
genetic polymorphisms (Blascovich et al., 2002). Similarly, they can envi-
sion being transported on a protein molecule and experience the myriad
of events that take place to learn more directly how proteins affect certain
outcomes.

Immersive environments could also be used to simulate outcomes
related to genetic testing, such as the deliverance of test feedback. An
avatar (or artificial likeness of an individual) can be created of the ado-
lescent, a health professional, parents, and the interactions modeled. The
interaction can simulate the result of being told that one is more or less
genetically susceptible to a disease, demonstrate how this is explained,
and obtain reactions to the information and feedback. Further, given that
the future of genetic testing will entail testing several genetic markers
for risk of disease (i.e., multiplex testing) it would be useful to use sim-
ilar simulations for providing explanations for and feedback about several
markers of risk. For example, assuming that there are four markers of
genetic risk for disease, how do adolescents react to being told they have
an elevated risk based on one to four markers? These virtual approaches
carry some advantages over more traditional analog approaches to edu-
cation, such as case scenarios, vignettes, stories, or imagined outcomes
because they enhance the salience, look, and feel of the entire experience
for those involved.

SUGGESTED AREAS FOR FUTURE RESEARCH

There are seven suggested areas of research that can help fill gaps in
our knowledge pertaining to risk communication of genetic information to
youth — many of which are applicable to adults as well.

Conceptualization of genetics. Both qualitative and quantitative
research is needed to achieve a better grasp as to how adolescents under-
stand genetics and its role in the etiology of disease. This will help to
identify mental models of genetics and diseases that can be used as part
of educational materials. For example, insights can be gained pertaining to
knowledge gaps and misperceptions of genetics and disease. Additionally,
it is necessary to have a better appreciation of how teens come to value
the purposes and the outcomes of genetic testing.

Understanding the role of familial and peer influence on risk percep-
tions. Adolescent health behaviors (such as diet, physical activity, and
tobacco and alcohol use) are oftentimes socially mediated and influ-
enced by familial and peer networks. Similarly, how adolescents will come
to interpret and use genetic testing feedback may depend, in part, on
the family members’ reactions and attitudes toward genetic information
and subsequent risk implications. For example, parents and peers who
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discount the importance of genetics as causal factors to disease in rela-
tion to other known risk factors may cause adolescents to adopt this
view, attenuating any positive effects the feedback may have on behav-
ior change. A topic that merits further study is how conflicting reactions
from family and peers are negotiated. Clearly, how and to whom genetic
testing information is conveyed continues to be an important yet under-
studied area. It is likely to become even more important should genetic
testing among young people proliferate.

Integration of genetic information with other risk factors. Multiple risk
factors contribute to common diseases. An issue to consider here is the
extent to which providing adolescents with genetic test findings detracts
or enhances their focus on other disease risk factors, especially as a
function of the result. For example, non-genetic risk factors may become
more important when the test result reveals higher risk. By assigning
more importance to these non-genetic risk factors, the adolescent may
achieve greater perceptions of control via other avenues to affect disease
risk. Conversely, if an adolescent attaches extreme causal importance to
genetic risk factors upon being told of his/her higher risk status, feelings
of fatalism may ensue and may cause the adolescent to discount other
risk factors that do play a critical role in the etiology of disease.

Testing for multiple genetic alterations creates unique and challeng-
ing scenarios in and of themselves, as well as challenges for integrating
this information with non-genetic risk factors. To simplify the situation,
consider that a target audience can receive feedback about one or more
genetic and non-genetic risk factors that can affect one or more diseases.
This creates a 2 x 2 table, as shown in Table 1. Based on this clas-
sification scheme, under what scenarios will genetic feedback be given
greater causal importance? One might predict that when the communica-
tion focuses only on genetics and when a specific alteration is related to
more diseases, genetics will be seen as more causal in determining dis-
ease outcome than when couched with other risk factors focused on a
single disease.

The main point is that if one is to provide a comprehensive assessment
of risk, it will likely entail conveying more than just genetic information.
How this is contextualized within this 2 x 2 matrix, when relevant, may
significantly affect risk perceptions and resulting behavior change. Testing
adolescents’ reactions to feedback within each of these cells is valuable in
helping to formulate the content of the risk communication.

Explore the role and interactions between gist and verbatim process-
ing. People process information via two parallel systems: verbatim, which

Table 1. Classification Scheme Between Number of
Risk Factors and Number of Diseases

Number of risk factors Number of Diseases

One More than one

One
More than one
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focuses on the retention and use of facts provided (e.g., the risk that was
given to me is 3.5%) and meaning derived from the communication (e.g.,
I feel my risk is low) (Reyna, 2008). It would be useful to understand the
mental weighting that young people assign to verbatim information ver-
sus gist information when it comes to genetic risk and how the two are
combined.

With increasing age, individuals rely more on gist than verbatim pro-
cessing (Reyna & Farley, 2006). This raises the question of which approach
to risk communication is more effective: stressing facts or stressing the
meaning of those facts? A different but equally important issue is whether
children, adolescents, and adults, who are given the same verbatim
genetic risk information, interpret it similarly.

Insights into processes of motivated reasoning. People do not passively
respond to health information. What they attend to and how they interpret
it depends, in part, on their emotional states, their expectations at the
time they receive information, and their motivations, of which two are key:
accuracy and defensive motives (Chaiken & Trope, 1999; Chen & Chaiken,
1999; Kruglanski, 1996; Olson & Zanna, 1996).

Individuals motivated by accuracy process information open-mindedly
and even-handedly to ensure that final judgments about a health threat
are correct, while people motivated by defensive concerns strive to arrive
at conclusions that support personally relevant and important beliefs
(Chaiken, Giner-Sorolla, & Chen, 1996; Kunda, 1987, 1990).

Research on motivated reasoning and on resistance to persuasion
provides insights into the types of reactions recipients of threatening
genomic information may have. These include (a) minimizing threat by
downplaying disease severity, (b) viewing negative test results as com-
mon (i.e., normalizing the threat), (c) questioning the accuracy of the test
(Kunda, 1987, 1990; Croyle, Sun, & Hart, 1997; Ditto, Munro, Apanovich,
Scepansky, & Lockhart, 2003; Liberman & Chaiken, 1992), (d) generating
counter-arguments or other unfavorable cognitive responses, (e) express-
ing anger or irritation, or (f) failing to attend to all of the information
(Brock, 1967; Kruglanski, 1996; McGuire, 1964; Petty, Tormala, & Rucker,
2004; Tormala & Petty, 2002; Zuwerink & Devine, 1996). These motivated
reasoning reactions may be especially likely among people who feel they
cannot avert the threat or who feel that no effective strategies exist (Janis,
1967; Leventhal, 1971; Rogers, 1983; Witte, 1998).

It would be very useful to explore the extent to which motivated rea-
soning processes occur in response to genetic testing, to assess young
people’s short- and long-term effects on risk perceptions and health
behavior change and to develop methods that can curb these reactions
when they produce deleterious effects. As discussed earlier, curbing the
optimistic bias, which can be considered a motivated reasoning outcome,
has been difficult to change.

Efficacy of didactic versus active learning approaches. More work is
clearly needed to ascertain under which conditions didactic versus active
learning approaches facilitate learning about genetics — active learning
seems beneficial to the learning of probability and statistical concepts (see
Garfield & BenZvi, 2007; Sedlmeier, 1999, for reviews).
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For example, Kaphingst and colleagues, in a highly creative exper-
iment, tested two ways for adults to learn about genetic-environment
interactions pertaining to a fictitious disease called “gallbladder hyper-
plasia” (Kaphingst et al., 2009). Using immersive technology, participants
were placed inside an elevator that contained a row of buttons represent-
ing possible levels of genetic and behavioral risk factors. When buttons
were pushed, the elevator would move either up or down and stop on a
floor. When the doors opened, participants viewed how many virtual peo-
ple entered a “hyperplasia” clinic. The floor at which the elevator stopped
and the number of people entering the clinic both represented the degree
of risk based on different combination of risk factors.

In the didactic learning conditions, participants listened to a lecture
given by a virtual female health educator detailing how genetic and behav-
ioral factors interacted to affect disease risk. Learning was facilitated by
using screenshots from the virtual world to illustrate learning objectives
using the elevator metaphor. Results were intriguing. While didactic learn-
ing was superior to active learning on some measures, for example, on
recall, change in mental models and believability, active learning was
superior on ratings of motivation, interest, and enjoyment. Whether the
latter sets of findings encourage superior learning among children and
adolescents remains to be seen.

Enhancing sensitivity to cognitive development of causal reasoning. As
discussed, youth differentially progress through developmental stages of
their understanding of disease causality. An important endeavor is to
develop and assess the effects on understanding simple tools that par-
ents and health providers can use to illustrate the causal role of genetics
and the environment based on developmental stages.

CONCLUDING STATEMENTS

The future of genetic testing may target children and adolescents.
Whether the provision of test findings will promote adaptive behaviors to
curb disease remains to be discovered. In many ways, adolescents have
the same skill sets and capabilities to process risk information as adults,
and similarly, many of the challenges related to processes and outcomes
related to risk found in adults (e.g., optimistic biases) apply to adolescents.

As with many risk communication approaches, whether the app-
roaches are focused on probabilistic information delivered numerically, or
on risk factors and disease consequences, their successes will depend on
the format of delivery and, ultimately, the meaning the recipient derives
from the information. It is hoped that the suggestions contained herein
shed light on areas for future work, furthering the effectiveness of the
communication of genetic risk targeted to youth.
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Prenatal Screening
and Diagnosis

KELLY E. ORMOND

INTRODUCTION

Deciding to and becoming a parent is filled with many emotional
changes and challenges for the individual, the couple, and the broader
family. When an individual or couple first contemplates parenthood, it is
usually through the lens of society, their culture, religion, and family sys-
tem. Despite some differences, in general parents hope for a healthy child,
and even during pregnancy often begin imagining their child’s entire life,
from birth through adulthood. Undergoing prenatal testing as a part of
the pregnancy process can potentially add an additional layer of complica-
tion that was not historically present - women, couples, and families now
have the potential ability to learn some health information about their
prospective child and have the ability to make decisions in light of that
information. This context of genetic testing in the obstetrics realm is quite
different from that performed in a pediatric setting (where one is provid-
ing testing as part of a diagnostic workup, usually for a child known or
suspected to have a genetic condition) or from that performed in an adult
setting (where one is testing oneself, often in a predictive manner).

Rather than focusing on a specific category of diseases, this chapter
provides a short historical overview of prenatal screening and diagnosis
and discusses what factors play a role in women’s and couples’ deci-
sions about whether to undergo prenatal testing in general and some of
the factors that influence what form of prenatal testing is selected. This
chapter also discusses some of the more common psychological responses
associated with the prenatal testing process and the potential impact of
receiving unexpected news about the compromised health of the devel-
oping fetus, including “bad news,” and the various decisions that may
follow. The reader is reminded that all women, couples, and families
react differently to pregnancy and the prenatal diagnosis process. The
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psychological aspects reviewed herein may vary widely, particularly for
families from non-European countries versus families in the United States
(where a majority of the data presented were derived). It is also worth not-
ing that the vast majority of research regarding prenatal testing focuses
on women, rather than the role of the spouse or partner; despite this, the
partner should be considered, and their psychological responses to the
testing process may be quite different from those of pregnant women.

HISTORY AND CURRENT STATUS OF PRENATAL
SCREENING AND DIAGNOSIS

Prenatal diagnosis became available in the late 1960s and has been
used to screen and diagnose a range of fetal conditions; some are inherited
and others occur sporadically or due to a combination of genetic and envi-
ronmental causes. Table 1 outlines the various forms of prenatal testing
that will be discussed. There are forms of prenatal testing that focus on
carrier screening of the prospective parents for recessive conditions on the

Table 1. Forms of Prenatal Screening and Genetic Testing

Form of Invasive or Conditions Detected Time Performed
Screen/Diagnosis Non-invasive

Genetic carrier Non-invasive Parental carrier status for Anytime:
screening conditions on the basis of preconception
family history or ethnicity through pregnancy
Maternal serum Non-invasive Identifies pregnancies at 1st or 2nd trimester
screening increased risk for neural

tube defects, and some
forms of aneuploidy
(Trisomy 21, 18). Not
diagnostic; amniocentesis or
CVS will be recommended

Ultrasound Non-invasive Detects some, but not all, Detailed anomaly
physical anomalies. “Soft scan performed
signs” suggesting 18-22 weeks

aneuploidy may require
follow up through
amniocentesis for accurate

diagnosis
Chorionic Villus Invasive Diagnostic for aneuploidy and  10-13 weeks
Sampling other chromosome

anomalies; can be used to
test fetal DNA for specific
conditions
Amniocentesis Invasive Diagnostic for aneuploidy and 15+ weeks
other chromosome
anomalies; can be used to
test fetal DNA for specific
conditions. Also, neural
tube defects and ventral
wall defects
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basis of family history or ethnicity. Other forms of prenatal testing focus
on screening the fetus directly and may entail noninvasive measures (such
as ultrasound or serum screening) that identify fetuses at increased risk
for conditions such as Down syndrome or neural tube defects (e.g., spina
bifida or anencephaly) or invasive diagnostic tests (such as amniocentesis
or chorionic villus sampling, CVS) that allow for diagnostic testing on the
fetal chromosomes and DNA, as well as on various proteins or enzymes
that may be present in the amniotic fluid.

Genetic Carrier Screening

Genetic carrier screening is typically offered for one of two reasons: a
family history of an autosomal recessive or X-linked condition or based on
ethnicity and offered for conditions that are more frequent in certain pop-
ulations. Carrier screening on the basis of a family history can be quite a
different process psychologically for patients, given that they (often) have
personal experience with the condition in their family and may have more
intimate knowledge of both the medical and the social aspects of living
with the condition. Individuals may have known from a young age that
they were at risk to be carriers or even known their own carrier status
since childhood or adolescence. Alternatively, if a sibling passed away at a
young age, parents may have difficulty discussing the genetic aspects with
at-risk siblings, and consequently these individuals may have little infor-
mation (or misinformation). Individuals can also develop preconceptions
about whether or not one is a carrier, often based on common person-
ality traits or physical features with other family members. Individuals
who have a family history and are contemplating carrier screening can
have significant feelings of guilt, shame, or blame and in many cases may
decide not to undergo carrier screening at all (Botkins & Alegmagno, 1992;
Fanos & Johnson, 1995; James, Hadley, Holtzman, & Winklestein, 2006).

Ethnicity-based genetic carrier screening began in the late 1960s with
the advent of Tay Sachs carrier screening. Tay Sachs is a neurodegenera-
tive condition that is fatal in early childhood; it is autosomal recessive and
has an increased prevalence in the Ashkenazi Jewish population. As such,
it served as a model for carrier screening public health programs in that
it was a medically serious and untreatable condition that was relatively
frequent (1/30 carrier frequency) and where biochemical testing accu-
rately identified a high proportion of carriers with a low false-positive rate.
Since that time, ethnicity-based carrier screening has expanded dramati-
cally (Table 2; American College of Oncologists and Gynecologists [ACOG],
2000, 2001; American College of Medical Genetics, 2008). For all of the
conditions currently included in testing, both members of the couple must
be carriers in order to have an affected child. However, depending on the
specific mode of carrier testing, some genetic tests may not detect all car-
riers of the condition, and patients may be left with a “residual risk” for
carrier status and for having an affected child. This is particularly true
for conditions where there is a common mutation in one population (e.g.,
within the Ashkenazi Jewish population) and a substantially lower sen-
sitivity in testing individuals of other or mixed ethnicities. Since patients
tend to perceive medical test results as binary (“I am a carrier” or “I am not
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Table 2. Ethnicity-Based Screening Guidelines

Population Condition(s) for Which Screening References
Should Be Offered

Caucasian (non-Jewish) Cystic Fibrosis (CF) ACOG (2001)
African American, Hemoglobinopathy screening (sickle cell, ACOG (2000)
Caribbean Hispanic, thalassemias)
Mediterranean, Asian
Ashkenazi Jewish Tay Sachs, Canavan, Familial ACMG (2008);
dysautonomia, CF, Niemann-Pick A, ACOG, 2004

Fanconi anemia C, Bloom syndrome,
mucolipidosis, Gaucher disease type 1

a carrier”), this residual risk provision and its related uncertainty can cre-
ate anxiety and confusion for couples where one member of the couple is a
known carrier and test sensitivity is low for the other partner. Individuals’
reactions to learning they are carriers of recessive conditions through
ethnicity-based carrier screening often report feelings of surprise and dis-
belief since there is typically no family history of individuals affected with
the condition.

While carrier screening can be performed preconception, it is most fre-
quently performed during pregnancy, which can add to the complexity of
prenatal decision making (Garber et al., 1993). Several studies have found
low uptake rates of preconception genetic carrier screening when offered to
members of the general population (Clayton et al., 1996), and it is thought
that for most individuals, preconception ethnicity-based carrier screen-
ing is not seen as “relevant” and therefore not undertaken. Despite this,
several successful preconception carrier screen programs exist within the
Ashkenazi Jewish population, including Dor Yeshorim, a program within
the Orthodox Jewish community (where arranged marriages are frequent)
that tests participants and does not provide specific carrier results but
rather alerts prospective couples as to whether they are “compatible” or
not. Other studies have successfully offered genetic carrier screening to
high school students (e.g., Clow & Scriver, 1977), but programs such as
these raise questions about offering genetic testing to minors, includ-
ing how such results may impact their self-esteem and self-image, and
whether the results will be recalled correctly in the future. It is possible
that the long history of genetic carrier screening within the Jewish commu-
nity has led to increased awareness of the concept and greater acceptance
of carrier screening when offered. The use of educational programs for
carrier screening has been shown to improve the informed consent pro-
cess (Hegwer, Fairley, Charrow, & Ormond, 2006) and is encouraged by
professional societies (ACMG, 2008).

Non-invasive Screening in Pregnancy

There are several tests that can be performed in pregnancy that pro-
vide information about fetal health, but which do not pose a physical risk
to the pregnancy - these typically include ultrasound and maternal serum
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screening for biochemical markers that predict Down syndrome, spina
bifida, and a range of other conditions (e.g., Smith-Lemli-Opitz syndrome,
X-linked steroid sulfatase). It is important to remember that these non-
invasive measures are, at least currently, screening measures and do not
provide diagnostic information. Rather, they only select those pregnancies
that appear likely to be at an increased risk on the basis of the markers
analyzed and provide justification for couples to consider further diagnos-
tic testing. A high percentage of those pregnancies that screen positive are
unaffected, and this screening process can create anxieties for parents
who are then faced with decisions regarding invasive diagnostic testing.

Ultrasound has expanded dramatically in the past 40 years, and clin-
icians are now able to perform imaging of the developing fetus to detect
a wide range of physical birth defects. These can range from club foot
to heart defects to lethal skeletal dysplasias. Some conditions are iso-
lated and may be treatable via surgery (usually postnatal); others may
be associated with broader syndromes and may have poor prognoses
that include other physical anomalies and developmental disabilities.
Ultrasound can also detect “soft signs” that are associated with conditions
such as Down syndrome, but as a screening measure can only suggest
which pregnancies are at increased risk. Ultrasound is a highly visual
procedure that provides the opportunity for parents to “see the baby”
and even receive photographs and videos of their potential child. This,
especially in the first trimester, can increase parental attachment. It is
unclear whether the level of parental bonding is related to the type and
quality of information given to parents at the time of their ultrasound.
Studies are also contradictory regarding whether three-dimensional ultra-
sound, which provides a more “realistic” fetal image, increases attachment
compared to two-dimensional ultrasound (Sedgmen, McMahon, Cairns,
Benzie, & Woodfield, 2006; Rustico et al., 2005; Righetti, Dell’Avanzo,
Grigio, & Nicolini, 2005; Ji et al., 2005).

Maternal serum screening was first performed in the early 1980s,
when elevated levels of alpha-fetoprotein (AFP) were newly associated with
open neural tube defects including spina bifida and anencephaly; sev-
eral years later lower-than-average levels of AFP were associated with
Down syndrome. Since that time, maternal serum screening in the second
trimester has expanded to include other analytes (hCG, inhibin, unconju-
gated estriol) and ultrasound nuchal translucency screening, and when
performed in the first trimester it has a sensitivity of up to 86% for
serum analytes alone and 95% when combined with nuchal translucency
screening (Ball et al., 2007).

Invasive Diagnostic Testing

Starting in the late 1960s, amniocentesis became available as a way
to determine fetal chromosome makeup. This development paralleled legal
decisions such as Roe v. Wade (1973) and allowed couples the opportunity
to undergo prenatal diagnosis with the option for legal pregnancy termi-
nation if a fetus was identified as affected with a disabling trait. Currently,
chorionic villus sampling (CVS) and amniocentesis are available to provide
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a diagnostic assessment of chromosomal anomalies (such as Down syn-
drome or other numeric or structural chromosome anomalies) or to assess
the fetal DNA for specific genetic mutations. Oftentimes, in order to gain
useful information about the developing fetus, a specific diagnosis must
be under consideration. In the case of a family history of genetic disease,
the knowledge of a family-specific mutation is useful in ensuring the most
accurate results and interpretation. These tests can be performed between
10 and 13 weeks (CVS) or after 15 weeks (amniocentesis) and generally
provide highly accurate results. Yet, they each carry a risk of miscarriage,
typically estimated at 1/100-1/1,000 depending on the study, and other
factors such as operator experience.

In past, only women at increased risk for chromosome anoma-
lies based on age or an abnormal screening test (ultrasound or serum
screening), or who had a known family history of an inherited condi-
tion, were offered invasive prenatal diagnosis. However, in recent years,
health-care providers have acknowledged that while the risks of miscar-
riage and of having an abnormal fetus may be approximately equivalent
numerically, patients assign different personal risks and meaning to
these options (Kupperman et al.,, 2000; Grobman, Dooley, Welshman,
Pergament, & Calhoun, 2002). More recent professional guidelines (ACOG,
2007) suggest that all women be provided both screening and inva-
sive prenatal diagnosis options and encouraged to decide which option
best suits their personal preferences. Trends suggest that as noninvasive
screening increases in sensitivity, more women of all ages are opting to
undergo screening measures first and then using the results to determine
whether they undergo subsequent diagnostic testing. As discussed later in
this chapter, this raises interesting questions when contemplating newly
developing technologies in maternal serum screening that may provide
diagnostic testing options (through free fetal DNA or other techniques) in
a noninvasive manner.

FACTORS THAT IMPACT WHETHER TO UNDERGO
PRENATAL TESTING

A number of studies have assessed which factors may be associated
with the uptake of invasive prenatal diagnosis. The decision to undergo
prenatal testing may be affected by various factors, such as the desire
and timing of the pregnancy. For example, nearly 50% of pregnancies are
considered unintended, either as an event or with regard to their timing
(Finer & Henshaw, 2006). This complicates psychological adaptation to
pregnancy by delaying attachment and adding ambivalence to the list of
emotions that the couple will experience. Individuals may feel guilty for
having mixed feelings about continuing the pregnancy, and when faced
with the decisions surrounding prenatal diagnosis, particularly abnor-
mal results, this can complicate decision making. Nowhere is this more
salient than in adolescent pregnancy. Beyond this, 10-15% of all couples
are considered infertile, which means that they have not conceived after a
year of trying. For these couples, the path to pregnancy and parenthood
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can be highly complicated and may involve treatment with medications
that induce ovulation (and sometimes multiple gestations), or with in
vitro fertilization and/or donor egg/sperm techniques. The psychologi-
cal responses to infertility can be emotionally consuming and are beyond
the scope of this chapter. Oftentimes, when couples who have undergone
treatment for infertility learn that they have become pregnant, they dis-
cover that they have been so focused on the conception that they have
given less thought to the remaining aspects of pregnancy and the future
health of their child. For these couples, the pregnancy and impending par-
enthood becomes a highly sought after outcome; this may also be coupled
with uncertainty over whether or not they will be able to conceive again
in the future. As a result, they may be less willing to undergo any form of
prenatal testing that results in pregnancy loss.

Ethnicity appears to play a role in uptake of prenatal screening, but
this finding may, in part, be related to lower accessibility of adequate pre-
natal care in certain populations (Frisbie, Echevarria, & Hummer, 2001)
or to differences in cultural and/or religious beliefs relating to inclination
to terminate a pregnancy found to be affected with Down syndrome, belief
that medicine or testing is interfering with pregnancy, or trust/distrust of
the health-care system (Kupperman et al., 2006). Despite these findings,
it remains critical that providers not stereotype women based on demo-
graphic factors, which might lead to inaccurate assumptions regarding
desire for prenatal testing or screening.

As has been reviewed, prenatal testing is available in many differ-
ent forms, each providing a different set of information, with different
risks to the mother and fetus, and different sensitivities to the informa-
tion obtained. In essence, prenatal testing is about obtaining information
and understanding the potential contextual impact of that information
(medically, psychologically) for the mother, couple, and family. Individuals
and couples place different values on the various issues that testing
raises. Negative results that convey information that the developing fetus
is healthy can provide parental reassurance and facilitate attachment to
the pregnancy, particularly when there is a family history of an inher-
ited condition. Positive results that convey information that the developing
fetus is at risk or unhealthy can allow parents the option to continue
or terminate a pregnancy affected with a specific condition or anomaly.
Parents continuing a pregnancy may also have time to arrange a spe-
cial needs adoption if so desired and time to adjust and grieve before an
infant’s birth. Parents and couples will make decisions about undergoing
prenatal testing based on a number of factors, including their empiric and
perceived risk for having a child affected with a specific condition, their
perception of the “burden” of raising a child affected with a specific con-
dition, their perception of the potential risks inherent in prenatal testing,
and their tolerance for uncertainty.

One of the many factors that can influence the parents’ process of con-
sidering prenatal testing is anxiety. Pregnancy is a time when generalized
anxiety is increased for a variety of reasons: fear of parenthood, fear of hav-
ing a child with a birth defect, fear of procedures during pregnancy and of
the birth process/delivery, fear of pregnancy loss, fear that one cannot get
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pregnant (or get pregnant again), and fear of changing body image/other
self-esteem issues. Anxiety in pregnancy is an important concept as it
relates to the prenatal diagnosis process, in part because high levels
of anxiety can impair cognition, memory recall, and attention, making
complex decision making even more difficult. Anxiety can also alter risk
perception and perceptions regarding the health of the baby and may play
a role in motivating parents toward or away from prenatal diagnosis. In
extreme situations, the prenatal diagnosis process can potentially impact
bonding and attachment with the pregnancy. Barbara Katz Rothman’s
sociologic work calls this the “tentative pregnancy,” in terms of delay-
ing acceptance and bonding with the pregnancy until prenatal testing or
screening results are available and the prospect of miscarriage and/or
pregnancy termination is “resolved” (Rothman, 1993). Finally, it is con-
troversial whether elevated maternal anxiety impacts maternal and fetal
health.

Many studies have been performed to assess pregnant women’s anx-
iety during pregnancy, both in general and in relation to prenatal testing
and screening. It has been widely documented that women who have
initial positive screening results on serum screening or ultrasound have
elevated anxiety, increased even above women who have similar numeri-
cal risks based on maternal age (e.g., Abuelo, Hopmann, Barsel-Bowers,
& Goldstein, 1991; Hoskovec et al., 2008). This elevated anxiety appears
to decrease after an unremarkable ultrasound (Tsoi, Hunter, Pearce,
Chudleigh, & Campbell, 1987) or amniocentesis (Marteau et al., 1992a).

Anxiety regarding invasive prenatal diagnosis appears to be related
to both fear of the actual procedure (including the risk for miscarriage)
and fear of the potential for abnormal results (Marteau, Johnston, Kidd,
Michie, & Cook, 1992b). When women who underwent amniocentesis were
compared to those who declined, researchers found that anxiety in both
groups begins at similar levels, increases immediately before the proce-
dure, and then drops after the procedure to levels similar to the pre-testing
levels (Tercyak, Johnson, Roberst, & Cruz, 2001).

Some preliminary data also suggest that providing preliminary results
from fluorescent in situ hybridization (FISH) reduces anxiety when nor-
mal results are present (Leung et al., 2001; Tucker et al., 1997) and that
it does so more rapidly than waiting for final karyotype results (Ormond,
Sturm, Grobman, & Shulman, 2005). But, most prenatal care centers
offer FISH only if the patient is considered “high risk,” such as a woman
who is >20 weeks gestation or for whom an ultrasound anomaly has been
detected. Studies suggest that when women are given a choice to undergo
FISH, they elect it primarily because they are concerned about waiting for
the results and that they hoped to receive reassuring information more
quickly to decrease their worry. Additionally, they express concern about
receiving “bad news” of an affected fetus (Sturm & Ormond, 2004; Sturm,
Grobman, Shulman, & Ormond, 2005; Ormond et al., 2005). This sug-
gests that women’s perception of anxiety may be directly associated with
the uptake of FISH if it is made available routinely.

It remains important that health-care providers consider the role of
anxiety in pregnancy and recognize that it can be moderated by providing
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patients with a sense of control and predictability, as well as provid-
ing support and coping resources. Several studies suggest that genetic
counseling, which provides a combination of education and psychological
support, can also reduce patient anxiety (Ruiz-Bueno, Sime, & Kitchell,
1991; Keenan, Basso, Goldkrand, & Butler, 1991; Ormond, 1997).

Even in the absence of counseling, women choose to undergo prenatal
testing and screening for a range of personal and social reasons. Some
women undergo testing because they want to know if a fetus has medi-
cal problems so that they have the option of pregnancy termination; such
decisions may be based on their perception of burden related to the condi-
tion that is diagnosed, or for which they are at risk. Some women undergo
testing because they desire reassurance and reduction of anxiety. Some
have knowledge of an increased risk (due to maternal age, family history,
or a positive screening measure) and desire “certainty” regarding the fetus’
health. Others may be “information seekers” who want the test simply
because it is medically available; these patients may also have increased
risk perceptions and/or increased anxiety relative to other women. Some
women may undergo prenatal testing because of pressure from their part-
ners, families, health-care providers, and society. And finally, some women
may not even realize that they are undergoing a prenatal screening test
(most commonly a non-invasive test, such as maternal serum screen or
ultrasound).

Women may decline prenatal screening and testing for a variety of rea-
sons, including avoiding pain associated with the procedure, the potential
to miscarry, an uncertain waiting period for the results, or the possibil-
ity of obtaining abnormal results. They may also choose not to undergo
testing because the results would not impact decisions surrounding the
pregnancy even if a fetus were found to be affected (either for religious or
for personal reasons), although these women may still benefit from obtain-
ing information and preparing emotionally before the birth of an affected
child. Women may also feel they are “too far along” and attached to the
developing baby and therefore do not want the information. Some women
may not undergo testing due to lack of access or knowledge about test
availability, the late timing of learning they are pregnant, or financial cost.
Finally, others may decline invasive testing because they misunderstand
the accuracy of the test, confusing testing with screening, having heard
about the anecdotal woman “who had the test and it told her the baby had
Down syndrome but everything was fine.”

In contrast, many women appear to be less aware that noninvasive
screening, such as ultrasound or serum screening, is being performed
primarily to detect the potential of congenital anomalies or genetic syn-
dromes, and in retrospect when faced with positive screening results,
some women anecdotally report that if they had better understood this
issue they would not have undergone the screening. For example, because
ultrasound is noninvasive, most patients in United Stated have at least
one during pregnancy, and this does not appear to increase anxiety. Many
patients undergo ultrasound to learn fetal gender, “see the baby,” or to “get
pictures,” which can lead to surprise when anomalies are detected. Women
from lower income families have been found to be more likely to report



230 KELLY E. ORMOND

that they wanted to see the baby or obtain an ultrasound picture; higher
income women were more likely to report that they underwent ultra-
sound to verify “that all was normal” and for reassurance (Gudex, Nielsen,
& Madson, 2006). Women'’s interest in undergoing invasive prenatal diag-
nosis does not appear to be significantly impacted by ultrasound results,
either for positive or for negative results (Vergani et al., 2002), suggest-
ing that prior attitudes toward invasive testing are more important than
screening results.

Other studies have assessed maternal serum screening internation-
ally and found that women in the United States are significantly more
likely to undergo maternal serum screening, proposing that the routine
nature of screening has led to a decrease in informed consent among
women in the states, as screening becomes more of an “opt out” proce-
dure than one for which the woman must make an informed decision to
undergo screening (van den Berg, Timmermans, Kate, van Vugt, & van der
Wal, 2005). As serum screening has increased in sensitivity, and as first
trimester screening has become more widely available, it appears that in
some US populations more than 75% of patients offered maternal serum
screening or combined first trimester screening will undergo it (Spencer,
Spencer, Power, Dawson, & Nicolaides, 2003; Stenhouse et al., 2004).

Several studies suggest that women are more likely to proceed with
invasive prenatal diagnosis if serum screening results suggest a high risk
and that up to 80% of those found to be at high risk went on for invasive
testing (Spencer, 1999; Dommergues, Taieb, Thalabard, & Frydman, 2001;
Seror, Costet, & Aymé, 2001; Spencer et al., 2003). This rate appears to be
lower if the woman is over 35 years of age and had previously expressed
ambivalence about invasive testing (Mueller, Huang, Summers, & Winsor,
2005; Caughey et al., 2006) or if the elevated risk is “close to the cut-
off level” (Spencer, 1999). It seems that women >35 years of age undergo
maternal serum screening and/or nuchal translucency measurement to
help them decide whether to undergo invasive testing (Weinans et al.,
2000) and which test to undergo (Caughey et al., 2006), and that this
approach decreases the overall amniocentesis uptake rate and increases
the rate of uptake for noninvasive first trimester screening (Wray et al.,
2005). In contrast, women <35 appear to undergo screening for reassur-
ance (Weinans et al., 2000) and are therefore more anxious and more likely
to undergo invasive prenatal diagnosis if the screening results suggest an
increased risk. Finally, several studies (Geipel et al., 2004; Gjerris, Loft,
Pinborg, Christiansen, & Tabor, 2008) suggested that fewer pregnancies
conceived with assisted reproductive technologies undergo invasive pre-
natal diagnosis, and that such women are more likely to use ultrasound
to decide whether to then undergo invasive testing. This may be due to
a heightened sensitivity toward the risk of miscarriage and a high value
being placed on maintaining a pregnancy which required significant effort
to achieve.

Finally, there are a number of complicated social issues that may also
impact psychological responses to prenatal testing and abnormal prena-
tal diagnosis. These include personal views about pregnancy termination,
beliefs around disability and disease, state and national laws, and social
pressures from family, friends, and caregivers.
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THE GENETIC COUNSELING PROCESS

Women who are undergoing invasive prenatal diagnosis typically
undergo genetic education and counseling as a mechanism of ensur-
ing informed consent; this is usually provided by either a master’s-level
genetic counselor or their obstetrician. The content of these pre-testing
discussions is highly variable, but may include a discussion of the risks
and benefits of the procedure, information about the condition(s) for which
testing or screening is available, the subsequent “accuracy” of the test or
screening procedure (these make up the “genetic education” component),
and ideally the incorporation of the patient or couple’s personal values as
they relate to the decision about whether to undergo prenatal diagnosis
and hypothetical decisions if a fetus is found to be affected through test-
ing. Perhaps partly as a response to the eugenics movement of the past,
the profession of genetic counseling has developed a “nondirective ethos”
(Kessler, 1997; Weil et al., 2006; White, 1997), implying that reproductive
advice-giving should be avoided. However, there are little data regarding
what is actually said during genetic counseling sessions, and some data
suggest that there is variation among providers of different professional
training backgrounds.

It has also been challenging within the research community to define
successful outcomes after genetic counseling services, since measur-
ing patient satisfaction, knowledge, or testing uptake do not necessarily
convey that a “good decision” has been made. Several authors have pro-
posed that measurements for informed choice (e.g., Marteau, Dormandy,
& Michie, 2001a, 2001b) and decisional conflict (O’Connor, 1995) best
reflect the success of the genetic counseling process. Both are simi-
larly defined as including an understanding of the conditions for which
testing is being performed, the test characteristics and implications,
and that the process results in a decision that is consistent with the
personal values. On the whole, these are important outcomes of the
prenatal genetic counseling process that deserve additional thought and
consideration.

In the past decade, there have been several studies that assess the
use of patient decision aids, both in general medical decision making (e.g.,
O’Connor et al., 1999; O’Connor et al., 2003) and specifically to support
prenatal diagnosis decisions (e.g., Bekker, Hewison, & Thronton, 2004;
Nagel et al., 2008). These decision aids can take varied forms, ranging from
written pamphlets, “slide shows,” or videos, and more recently interactive
computer or DVD modules. Some decision aids are focused primarily on
medical facts, while others include an interactive component that allows
patients to explore and clarify their own values and consider various
options in light of these expressed values. A significant benefit of these
approaches is the standardization of information and the ability to sup-
plement the patient education process in a manner that is time efficient
for the health-care provider and that may allow the patient to contemplate
the various issues and their values in advance of when a medical decision
needs to be made. However, in order for these decision aids to be clinically
useful, it is critical that these decision aids are seen as a supplement to
the existing health-care process, rather than a replacement for it.
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Due in part to concerns over the variable content included in genetic
counseling sessions, the 2008 passage and enactment of the “Prenatally
and Postnatally Diagnosable Conditions Act” (PL-110-374) mandates that
specific information be provided, “to increase the provision of scientifically
sound information and support services to patients receiving a positive
test diagnosis for Down syndrome or other prenatally and postnatally diag-
nosed conditions.” It will be interesting and necessary to observe how, if at
all, this federal legislation impacts the prenatal genetic counseling process
as it occurs in various settings.

RECIEVING “BAD NEWS”AND THE SUBSEQUENT
DECISION MAKING

Parents are sometimes faced with the unexpected diagnosis of fetal
anomalies through prenatal diagnosis. Typically, once a diagnosis is made,
parents are offered information regarding the likely prognosis for the child,
possible referrals to specialists and/or families who have experienced a
similar diagnosis, and (depending on the timing of the diagnosis and the
laws of their state or country) they may be offered the option to continue or
terminate the pregnancy. This communication of the diagnosis to parents
is critical, as the manner in which it is conveyed and the information pro-
vided can significantly impact their perception of the condition and future
decision making (Abramsky, Hall, Levitan, & Marteau, 2001), as well as
the parents recollection of how the information and decision-making pro-
cess occurred (Skotko, 2005a, 2005b). Regardless of the parents’ decision,
it is helpful to be honest, validate the parents’ reactions, and work to cre-
ate an individualized “plan” for the parents to create memories and process
their grief (Green & Malin, 1988).

Psychological Reactions to Abnormal Prenatal Diagnosis

Parents can have a wide range of psychological reactions to learning
abnormal prenatal diagnosis results. Many parents are in a state of shock
and disbelief that the results could be correct. Beyond this reaction to
receiving bad news (Buckman, 1992), the fetus can remain an abstract
concept, and prognosis is often unclear or variable. Without the ability to
“visualize” the outcome, it can be hard to move to a stage of accepting the
accuracy of the results. The shock and anxiety that occurs at the time of
diagnosis can also make it more difficult for parents to retain and process
complicated risk and medical information. Parents can also experience
feelings of guilt or blame themselves that they may have caused the fetal
anomalies — often asking, “was it something that I/we did, such as hav-
ing a diet soft drink or drinking a glass of wine before we knew we were
pregnant?” While typically these are not the etiology of the condition, par-
ents feel a combination of guilt and shame that they may have caused the
anomaly, fear that the cause was uncontrollable and may happen again,
and fear that they may never be able to have a healthy baby.
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Parents also have a wide range of responses to the specific information
regarding the condition that has been diagnosed, and this can be influ-
enced by the information provided and the provider who communicates
that information (Abramsky et al., 2001). The couple may or may not have
undergone pre-procedural genetic counseling, and the information that
was provided to the couple about the conditions for which they were at
risk can be variable in its amount and content. Couples’ prior personal
experience with disability within their own families, communities, and as
presented through the societal lens, will also influence their perception of
the condition. Health-care professionals who provide additional informa-
tion come to the communication process with their own experiences as
well, with different views and approaches — no matter how “nondirective”
the process is purported to be. Studies are increasingly assessing the lin-
guistic content and presentation about the conditions for which screening
or testing is offered. For example, Michie, diLorenzo, Lane, Armstrong,
and Sanderson (2004) assessed the content of leaflets provided before
amniocentesis. Few studies have prospectively assessed the information
that is actually (and not hypothetically) communicated to families at this
sensitive time, but it appears that most of the information provided is
regarding the medical aspects of the condition, and usually does not focus
on the social aspects of living with disability. Information also often follows
the parents “lead,” responding to questions that parents ask, rather than
trying to present a minimally biased summary of the social and medical
aspects of a particular condition (Skotko, 2005a,b; Munger, Gill, Ormond,
& Kirschner, 2007; Gill et al., 2007).

The Decision to Continue the Pregnancy

For parents who choose to continue a pregnancy following an abnor-
mal result, they are able to both prepare for the medical aspects of delivery
and any subsequent medical treatment that may be required. Often this
involves visiting medical specialists and delivering at a tertiary care hos-
pital, and in some cases it may involve arranging for a special needs
adoption. Some parents express frustration at the remaining uncertain-
ties surrounding their future child’s prognosis — often referred to as the
concept of “knowing but not knowing” (Rempel, Cender, Lynam, Sandor,
& Farquharson, 2004). Others report that the future child and his or her
personality and interests remain abstract, yet the child’s condition can
seem concrete given the myriad of books, articles and specialists one can
consult. The condition, therefore, can seem overwhelming and make it
difficult to continue bonding with the unborn child. However, many par-
ents also report that this time throughout the remainder of the pregnancy
allows them to anticipatorily grieve their dream for a “healthy child,” and to
become excited about the birth of their future child, rather than undergo-
ing the shock and anxiety that can come at the delivery of a newborn who
is newly diagnosed. Some parents also report feeling more positively about
the physical process of pregnancy and delivery (Ralston, Wertz, Chelmow,
Craigo, & Bianchi, 2001).
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The Decision to Terminate the Pregnancy

Parents who chose to terminate a pregnancy affected with a condi-
tion diagnosed prenatally are usually ending a wanted pregnancy, which
can result in prolonged grief for some couples. Parents often respond to
this emotionally difficult decision by wanting to move as quickly through
the process as possible, selecting the termination procedure that seems
most medical (e.g., a surgical abortion, rather than induction and deliv-
ery of the fetus). This can be further complicated if the parents do not
have the opportunity to visualize the fetus through ultrasound and/or to
obtain mementos such as a lock of hair, baby’s footprint or photograph.
For many expectant couples, the loss of their child is both the loss of the
actual child and also the loss of the dreams for that hypothetical child
(Seller, Barnes, Ross, Barby, & Cowmeadow, 1993). Leon (1995) writes:
“Is pregnancy termination after fetal anomaly experienced as the death of
a real damaged baby, the demise of the wished-for child, the disappoint-
ment of a thwarted pregnancy, the delay in one’s dreams for parenthood,
or a mark of self-deficiency ... More often than not this loss is multiple, a
combination of the above factors.”

Support is directly related to how individuals and couples cope with
the grief associated with pregnancy termination after prenatal diagnosis
(Leon, 1995). Professionals can assist families in coping with the emotional
ramifications of pregnancy termination by making them aware of the var-
ious options for creating memories of their baby, even if they are saved
at the hospital for a future time that parents request them. Some couples
may be anxious about the societal implications of telling their friends and
family, or even religious leader, about what has happened and about their
decision to terminate the pregnancy. Helping these couples strategize ways
to approach such difficult issues in advance can be useful. Although some
researchers hypothesized that the more “active” role of pregnancy termina-
tion following prenatal diagnosis would intensify the psychosocial sequelae
(Kolker & Burke, 1993), long-term responses appear similar to those noted
in women dealing with perinatal loss for other reasons (Salvesen, Oyen,
Schmidt, Malt, & Eik-Nes, 1997), and responses are more related to the
severity of the condition than to the time of diagnosis during the pregnancy
(Evans et al., 1996).

PROFESSIONAL ISSUES FOR FUTURE CONSIDERATION

Prenatal screening and diagnostic testing have been available for
almost 40 years, and the list of conditions for which such testing is
available will continue to increase. Already we are seeing the research
availability of screening for a wide range of conditions through whole
genome screening technologies such as CGH (Sahoo et al., 2006).
The volume of information such tests can provide in a prenatal set-
ting is combined with the challenge of having poor predictive abil-
ity for variants that have not previously, or have rarely been noted
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(Manning & Hudgins, 2007). Additionally, prenatal testing is increasingly
moving toward noninvasive methods that provide increasingly high
sensitivity and specificity, and which may become diagnostic (e.g.,
maternal serum testing for free fetal DNA) in the next decade (Fan,
Blumenfeld, Chitkara, Hudgins, & Quake, 2008). Given the observa-
tion that informed consent processes are held to a lower standard for
non-invasive procedures, there is some concern that this may lead to
couples giving less consideration to whether they truly want to undergo
testing and obtain this information. This may lead to decisional con-
flict, decisions inconsistent with personal values, and potentially even
social pressure to terminate newly diagnosed pregnancies affected with
aneuploidy.

These two factors, the increasing availability of the number of condi-
tions for which testing is available and the increasing non-invasiveness of
such testing, will make prenatal genetic counseling and informed deci-
sion making by parents increasingly challenging. Health-care services
will continue to face the contradiction between having shorter visit times
and more quantity and complexity of information to convey to patients,
particularly as awareness grows regarding the importance of personal val-
ues in such decision-making pre- and post-prenatal diagnosis. There is
also, at least currently, a dearth of qualified health-care professionals
to perform procedures and services, including genetic counseling, and to
interpret test results, especially in more rural areas. Genetic and obstet-
rical care providers will need to find ways to effectively assess parents
informational needs and personal values, and develop methods, such as
computer based technologies, that can provide information in a person-
alized manner while addressing the relevant medical and social context
of the conditions for which testing is being offered. Little research exists
in these areas, and it is a critical component in providing evidence-based
medicine.

CONCLUSIONS

Prenatal screening and diagnostic testing add a layer of complex-
ity to the already emotional aspects of pregnancy and childbearing.
Individuals providing prenatal genetic testing, screening, and counsel-
ing services should be aware of the psychological implications on parents
and strive to acknowledge them in the counseling process, both before
testing decisions are made and after a prenatal diagnosis is made. As
testing becomes broader in its approach and less invasive while still main-
taining high sensitivity, the potential exists for more and more couples
to enter the prenatal testing process. As these changes occur, women
and couples should consistently receive relevant information about their
options for prenatal testing in a nondirective manner and should be
encouraged to consider their options in terms of personal experiences and
values.
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Single Gene Disease Risk

TRICIA SEE and CYNTHIA J. TIFFT
INTRODUCTION

The diagnosis of a child with a single gene disorder can take on differ-
ent meanings for different families. It is not uncommon for some families
to arrive at a pediatric genetics clinic after months or years of searching
for an underlying reason for their child’s symptoms. The fact that, through
genetic testing, clinicians can put a name to the collection of differences
already noted in the child provides the family access to prognostic infor-
mation, supportive resources, more accurate reproductive risk counseling,
and possible relief from the burden of uncertainty.

After a diagnosis is reached, families often face many challenges in
the adaptational process. It can be argued that, in some ways, these
challenges parallel those of families who have a child with other chronic
illnesses. Patients and their families may struggle with concerns related
to treatment (or lack thereof), marital and financial strain, reallocation of
family resources (both emotional and material), and access to medical and
support care.

On the other hand, certain aspects of diagnosing a child with a single
gene disorder represent a unique experience. The fact that a diagnosis is
“genetic” elicits challenges for each member of the family. Although the
idea of “genetic exceptionalism,” that genetic information is qualitatively
different from other health information, has been debated, this concept
has generally been raised within the context of pre-symptomatic testing for
adult-onset conditions and surrounds issues such as privacy and genetic
nondiscrimination (Green & Botkin, 2003; Suter, 2001). The debate does
not include the question of whether or not a genetic diagnosis poses a
unique set of psychological risks to an individual or a family. There is
evidence to suggest that this might be the case and includes parental
guilt over passing on a “faulty” gene, altered self-concept among family
members, impact on reproductive decision making, and family conflict
surrounding the disclosure and communication of genetic information.
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In this chapter we will review the psychological implications of genetic
testing for single gene disorders, highlighting similarities to and differ-
ences with other chronic illnesses and ways in which the genetic nature of
an illness affects adaptation among patients and their families. Further,
in light of the emphasis among clinicians and the public for early diagno-
sis and treatment, we will explore the diagnosis of single gene disorders
through newborn screening. Due to the timing of newborn screening, diag-
nosis of single gene disorders generally precedes the onset of symptoms.
This distinguishes newborn screening from traditional pediatric genetic
testing and raises a distinct set of concerns for patients, their families,
and the health-care system.

It is important in our discussion of the psychosocial implications of
genetic testing to note that, unlike most areas of medicine, the field of
pediatric genetics is relatively new. For example, few physicians were
involved in human genetics prior to the 1950s. Before that time, genet-
ics was largely the purview of Ph.D. research scientists. The 1960s and
1970s marked a turning point, with advances in knowledge of child-
hood genetic disorders and increased interest among pediatricians. As of
2003, there were an estimated 1,525 professionally active, board-certified
medical geneticists in the United States (Cooksey, Forte, Benkendorf, &
Blitzer, 2005). Much of the burden for diagnosis and management of single
gene disorders currently lies with medical geneticists and other genet-
ics professionals; however, this is likely to change in the future as the
number of recognized syndromes and defined molecular tests increases
and the demand for genetic services outstrips the supply of qualified
genetics professionals in the United States and elsewhere. The challenges
this will present for future families are likely to be numerous and yet
unrealized, and may include the potential for under-informed health-
care providers and potentially missed opportunities for psychosocial and
medical interventions in at-risk families.

The ability to test for single gene disorders has a similarly short
history. This is best highlighted by two historical milestones: (1) identi-
fication of the structure of DNA in 1953 and (2) completed sequencing
of the human genome in 2003. To say our knowledge of the clinical
implications of testing for single gene disorders has grown exponentially
in the intervening 50 years is an understatement. Identifying the genes
responsible for disorders such as cystic fibrosis (CF), Duchenne muscular
dystrophy (DMD), and sickle cell disease has dramatically increased our
understanding of these conditions and led to earlier diagnosis, allowing
for improved management and greater reproductive options for families.
Importantly, knowledge of the molecular and genetic basis of single gene
disorders has, in some cases, also elucidated the natural history of these
disorders and led to elimination and/or prevention of many associated
complications.

And yet, knowledge of the psychosocial implications of performing
genetic testing for single gene disorders lags behind. Much of what is
known is based on research involving a limited number of conditions, for
example, CF and DMD. More research is needed to explore the effects of
genetic testing on other single gene disorders with a broader spectrum of
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disability. However, there are lessons to be learned about what it means to
receive a diagnosis of a single gene disorder from this subset of conditions.
This information is reviewed below.

PATIENT ADAPTATION

Through research studies and clinical experience, it has become clear
that the experiences of individuals diagnosed with a single gene disorder
are variable and depend, in part, upon the nature of the condition. The
obstacles of a child who is diagnosed with a condition featuring profound
mental retardation and/or physical abnormalities will likely be different
than those of a child who is diagnosed with a condition featuring normal
cognitive abilities and few visible manifestations. That being said, similar-
ities across conditions can be drawn. Studies seeking to understand what
it means to be diagnosed with a genetic condition in childhood have tended
to focus on parent report, retrospective adult narratives, or quality-of-life
measures. This is due, in part, to the difficulty in assessing adaptation
among young children who might not be able to reflect upon their own
illness-related experiences. It is also the case that many children are not
fully informed of the genetic nature of their diagnosis until adolescence
and, therefore, might not incorporate the condition into their self-identity
until years after the diagnosis is made. Although these issues generate
limitations in our ability to capture the experience of being diagnosed with
a single gene disorder, several important themes have emerged.

As with other chronic childhood illnesses, children diagnosed with a
single gene disorder can experience feelings of social isolation (Nadeau &
Tessier, 2006). This is reiterated both among parents of children with cys-
tic fibrosis, an autosomal recessive genetic disorder featuring chronic lung
infection and malabsorption leading to poor growth, who report that their
children feel different from their peers and are teased more often at school,
and among adults with various single gene disorders who indicated feel-
ings of social isolation throughout life (Beadle, 2004; Foster, Bryon, &
Eiser, 1998; Petersen, 2006). It is unclear from the literature whether
or not this sense of social isolation is secondary to the genetic nature
of the illness or more basic elements of the illness itself, such as fre-
quent absence from school or reduced participation in normal childhood
activities due to medical or physical limitations.

Regardless of the underlying etiology, the presence of social isolation
among children diagnosed with a genetic disorder is important to address
and presents an area for possible intervention. The emergence of disease-
specific summer camps is among the ways to address feelings of social
isolation. This is an increasingly available option for children with single
gene disorders, including neurofibromatosis, a neurological condition that
involves the growth of often disfiguring benign tumors along nerve roots
and multiple large brown birthmarks, and Duchenne muscular dystrophy
(DMD), a progressive neuromuscular disease resulting in muscle wasting
and weakness.
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Disease-specific summer camps are often directed toward a subset of
children who have limited access to normal childhood activities or who
might feel isolated from other children. Summer camps can serve a vital
role in helping children adapt to the diagnosis of a genetic disorder by nor-
malizing their experience and connecting them with a group of similarly
affected peers. They also provide a safe venue for children to ask ques-
tions about the genetics of the condition and future implications (e.g.,
reproductive options).

Children who are diagnosed with a genetic condition may experience
adversity throughout life; however, successful adaptation and adjustment
is possible. Recent studies of children with DMD and CF have revealed
many to be functioning well and healthy adjusted individuals (Szyndler,
Towns, van Asperen, & McKay, 2005; Nereo & Hinton, 2003). In fact,
Szyndler et al. (2005) reported lower rates of mental health problems
among adolescents with CF compared to their physically well peers. These
findings, contrasting previous studies suggesting higher rates of psy-
chosocial disruption among children with CF, were attributed to better
treatment and prognosis in recent years (Boyle, di Sant’Agnese, Sack,
Millican, & Kulczycki, 1976; Szyndler et al., 2005).

Many factors appear to play a role in successful adaptation. These
include family support, hope and optimism for the future, and normal-
ization. Aspects of family functioning, including cohesion and supportive
behaviors, have been associated with coping, adjustment, and adaptation
among children with CF (Levers & Drotar, 1996; Graetz, Shute, & Sawyer,
2000). The purported effects of family support have widened to include
actual health outcomes, such as improved eating behavior and increased
energy level (Szyndler et al., 2005). Recent studies have explored the asso-
ciation between hope for the future and patient adaptation and found that
greater hope for the future was correlated with lower rates of psychosocial
disruption among adolescents with CF (Szyndler et al., 2005). What is of
equal interest is that degree of hope and optimism was independent of
disease severity, suggesting a benefit from maintaining a hopeful outlook,
regardless of prognosis or disease characteristics.

Apart from maintaining a hopeful outlook, individuals often seek to
normalize their experience (Petersen, 2006). The process of normalization,
whereby an individual’s thoughts and behaviors are made to seem normal,
is similar to individuals with other nongenetic chronic illnesses, who use
this strategy as a way to adapt to the diagnosis and maintain a daily
regimen (Charmaz, 2000).

One important aspect of a single gene disorder is its implication for
future generations. Individuals affected with an autosomal dominant sin-
gle gene disorder (change in one copy of the gene) face a 50% chance
with each pregnancy for having an affected child. If the specific genetic
mutation responsible for the disorder has been identified, then prena-
tal diagnosis is possible. What is not possible, however, is predicting the
degree of disease severity in any given individual who inherits the muta-
tion. Autosomal dominant disorders are often extremely variable. This
means, for example, that a parent with a relatively mild presentation of
neurofibromatosis could have a child who has disfiguring/life-threatening
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tumors or skeletal manifestations that would significantly impair quality
of life.

With the availability of prenatal testing, individuals have increasing
options surrounding prenatal testing and screening. The fact that an indi-
vidual faces these choices differentiates single gene disorders from other
nongenetic chronic illnesses. Individuals with a variety of single gene dis-
orders report confronting issues related to reproductive decision making
(Petersen, 2006). They worry not only about their own health and ability to
be a reliable parent but also about the future health status of the unborn
child (Petersen, 2006). Greater exploration of the reproductive decision-
making process is warranted, as we still have limited understanding of
how affected individuals make decisions about prenatal testing and the
decision to start a family.

PARENT AND FAMILY ADAPTATION

Diagnosing a child with a single gene disorder can have significant
and long-lasting implications for the parents and family. Simply perform-
ing genetic testing may be stressful for parents and can result in increased
depression and anxiety symptoms, regardless of test result (Pilnick &
Dingwall, 2001). If the result is positive and a child is diagnosed with
a genetic condition, parents struggle to adapt to the new diagnosis and
make meaning of the illness within the family. Such challenges, includ-
ing increased family stress, financial strain, and caregiver burden, are not
unique to single gene disorders and have been reported among families
with nongenetic chronic health conditions (Wang & Barnard, 2004).

Once the initial crisis subsides, families attempt to attain a level of
normalcy. The ability of a family to successfully function post-diagnosis
appears related more to family characteristics and level of support than
aspects of the disease itself or the child’s level of disability (Chen & Clark,
2007). Families who experience greater distress and lower emotional sup-
port are at risk for poor psychological adjustment, while families with
increased “hardiness,” defined as the presence of internal strength and
resilience, have better family functioning (Chen & Clark, 2007; Szyndler
et al., 2005).

Lewis and Khaw (1982) applied Olson’s circumplex model of family
functioning to the adaptation process of families who have a child with
CF. The premise of this model is that families must balance cohesion and
adaptability, allowing for change throughout the life cycle, in order to suc-
cessfully cope with stress (Olson, Sprenkle, & Russell, 1979). Lewis and
Khaw suggested that CF families exhibit increased adaptability and cohe-
sion following diagnosis and during periods of illness exacerbation, and
return to a more stable state after the crisis subsides. Another theoret-
ical approach applied in the literature is the resiliency model of family
stress, adjustment, and adaptation (McCubbin & McCubbin, 1993). This
model incorporates two phases: adjustment and adaptation. During the
adjustment phase, families strive to manage the immediate stressor with-
out lasting change to family functioning. The adaptation phase is defined
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as the attempt to bring about a long-term balance and cohesion within the
family that allows for successful coping on an ongoing basis. Incorporating
theoretical models into research on family functioning allows for a broad
approach to families of children diagnosed with a single gene disorder.
The specific stressors often vary between conditions; however, family sup-
port and internal family resources may have a greater role in adaptation
than level of disability. Once at-risk families are identified, interventions
that increase support and draw upon existing family strengths can be
applied, regardless of the condition. Possible interventions include genetic
counseling, support groups, couples therapy, and information and edu-
cation, although the efficacy of such interventions deserves thorough
exploration (Dine & Terzioglu, 2005; Foster, Bryon, & Eiser, 1997; Beale,
20006).

Psychological Implications for Mothers

The psychological implications of diagnosing a child with a single gene
disorder have been explored more often with mothers than fathers; how-
ever, there is reason to believe that mothers experience more significant
distress than fathers and that this distress directly or indirectly impacts
the health and well-being of the affected child (Patterson, McCubbin, &
Warwick, 1990). Mothers of a child with CF can feel stress related to disse-
minating genetic information within the family, the responsibility for care
of the affected child, and coping with an altered identity (Hodgkinson &
Lester, 2002). Unlike other chronic health conditions, mothers of a child
with a single gene disorder describe feelings of guilt related to their car-
rier status and subsequent changes in self-image (Hodgkinson & Lester,
2002). Studies suggest that how well mothers cope with their child’s diag-
nosis is unrelated to the age of the child or clinical factors associated with
the condition, and may be more strongly related to psychosocial factors,
such as support and family functioning (Foster et al., 1997).

Similar to their affected children, mothers appear to be at risk for
social isolation and can benefit from encouragement from health-care
providers. They use strategies such as downward comparison, comparing
their experience to those with more serious health problems (i.e., pedi-
atric cancer), to normalize their child’s experience and maintain a positive
attitude about the condition (Gallo, Angst, & Hadley, 2005). And, as with
their children, hope and optimism about the future are important factors
in the adaptation process and have been associated with higher quality
of life and greater success at keeping the child healthy (Bailey, Sideris,
Roberts, & Hatton, 2008; Hodgkinson & Lester, 2002). Such findings sug-
gest that interventions to increase support and optimism could play an
important role in successful adaptation among mothers, as well as their
affected children.

Impact on Reproductive Decision Making

There are at least two main areas in which adaptation to a single
gene disorder contrasts with the diagnosis of other chronic illnesses:
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the potential implications for other family members and the impact on
reproductive decision making. When a child is diagnosed with a sin-
gle gene disorder, the at-risk status for other family members may be
revealed. This can include other biological children in the same family,
cousins, aunts, or uncles. While they may not be at risk for develop-
ing the condition themselves, in the case of recessive disorders, they can
be carriers of the gene mutation. Knowledge of carrier status is deemed
important by health-care providers due to the impact on future repro-
ductive decisions. For this reason, dissemination (family communication
and disclosure) of the genetic nature of the condition is generally encour-
aged. Parents, specifically mothers, have reported feeling “in the middle”
after their child is diagnosed (Hodgkinson & Lester, 2002). While some
family members welcome information about the genetic condition and pur-
sue carrier testing, others harbor more negative feelings. Mothers have
reported family disunity following the diagnosis of a single gene disorder
in the family and sense blame among family members for causing the
illness to occur, regardless of their lack of control over the child’s diagno-
sis (Hodgkinson & Lester, 2002). Parents may feel they are the bearers of
“bad news” in the family and experience increased stress surrounding the
condition. Increased stress surrounding the genetic nature of the condi-
tion and negative reactions from extended family members can decrease
family emotional support, create conflict within the family, and impair
adaptation.

In addition, parents worry about the genetic status of current or
future children. Clinically, parents often focus on the health of older
siblings and may perceive that their normal childhood illnesses are man-
ifestations of the disease. Even after older children are determined to
be unaffected, parents may still worry excessively about carrier status
and pressure health-care providers to perform genetic testing on young
children. Genetic testing of asymptomatic siblings is discouraged for sev-
eral reasons, including value placed on informed consent, and reflects
the American College of Medical Genetics-supported position statement
on genetic testing in minors (1995). This policy places some parents in
conflict with health-care providers and may result in frustration for both
parties involved.

Parents who desire additional children are faced with tender decisions
regarding prenatal testing and the potential for having another affected
child. Prenatal testing raises many complicated issues, not the least of
which surrounds the “value” of the affected child within the family. The
availability of prenatal testing surrounding single gene disorders is unique
to the genetic nature of the illness and is addressed elsewhere in this
volume.

IMPLICATIONS OF DELAYED DIAGNOSIS

The process of obtaining a diagnosis for a single gene disorder gen-
erally involves identification of physical or developmental differences
followed by multiple medical appointments over months to years, as
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evidenced by the experience of families of a child diagnosed with fragile
X syndrome (FXS). FXS is the most common inherited cause of mental
retardation with an incidence of 16-25/100,000 males and approximately
one-half that for symptomatic females (Saul & Tarleton, 2008). It is
not detectable through physical or behavioral evaluation in the newborn
period. Although there is a well-recognized phenotype, the first sign that
a child has FXS is usually developmental delay. According to a survey of
over 450 families with an affected child, the average age of first concern
was 15.6 months (Bailey, Skinner, & Sparkman, 2003). In contrast, the
average age at diagnosis was 60 months. Most families described them-
selves as being the first to identify concerns with their child’s development
and commonly are advised to “wait and see” by a health-care provider.
Parents voiced difficulties convincing a health-care provider that some-
thing was not quite right with their child and had to visit a number of
health-care professionals in order to obtain a proper diagnosis. On aver-
age, early intervention services were not obtained until the child was
2 years of age — which is 9 months beyond the initial identification of
concerns by most parents. In addition, 55% of parents had another child
while searching for the diagnosis. Not surprisingly, parents of children
with FXS and health-care providers have expressed support for early diag-
nosis through newborn screening with 60% of parents indicating that they
did not believe a diagnosis of FXS in the newborn period would disrupt
bonding (Skinner, Sparkman, & Bailey, 2003).

The diagnosis of a child with an inborn error of metabolism can be
an arduous process, unfamiliar to most families and their primary care
physicians. Alternatively, a child can experience an acute decompensation
in the first few weeks of life and die from an unrecognized metabolic crisis.
Presenting symptoms (e.g., developmental delay, vomiting, and lethargy)
are nonspecific and associated with a number of genetic and nongenetic
etiologies. In the former case, it is not uncommon for a family to wait
months to years between initial concerns and a confirmed diagnosis. On
this diagnostic odyssey, the family may interface with a number of health-
care professionals, developmental and other medical specialists, clinical
geneticists, and genetic counselors. This is both a frustrating and time-
consuming process. In the latter case, an infant dies without a confirmed
diagnosis and the increased recurrence risk for subsequent offspring goes
unrecognized.

Beyond the medical benefit of early diagnosis, studies have shown
associations among age of diagnosis, adaptation, and family functioning
(Chen & Clark, 2007). Earlier diagnosis has been associated with better
family functioning and adaptation compared with families who received a
later diagnosis (Chen & Clark, 2007). Possible explanations include early
access to medical care and support systems, increasing time to adapt to
the diagnosis, and avoidance of the “diagnostic odyssey” referred to previ-
ously. Timing might also influence family opinions of the diagnostic period.
A study from the Netherlands comparing the experiences of families whose
child was diagnosed with CF early (<3 months) vs. late (>3 months) found
that significantly fewer parents in the early diagnosis group described the
pre-diagnostic period negatively (Merelle et al., 2003).
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In utero diagnosis allows families the most time to prepare for the birth
of child with a genetic disorder; however, this is impractical for most condi-
tions, given lack of awareness about carrier status, procedure-associated
risk with prenatal testing, limited access to prenatal care, and ethical
issues surrounding population-based prenatal testing programs for single
gene disorders. An economically feasible and rapidly expanding alternative
is newborn screening, which allows for diagnosis of a single gene disorder
in the immediate neonatal period. Through newborn screening, it is now
possible to perform population-wide screening for many single gene dis-
orders either based on common mutations in the population or by testing
for abnormal metabolites in blood. In this section we will discuss some
of the more pressing psychosocial and medical implications of newborn
screening for children and their families.

NEWBORN SCREENING

Much can be learned about the current excitement and controversy
surrounding newborn screening (NBS) by briefly reviewing its historical
context. The advent of NBS began in the early 1960s with Robert Guthrie’s
discovery that newborn blood, transferred to a piece of filter paper,
dried, and transported to a laboratory, could reliably screen newborns for
phenylketonuria (PKU), an autosomal recessive disorder producing pro-
found mental retardation if not treated with a phenylalanine-restricted
diet beginning in the first 3-4 weeks of life. Early identification and lifelong
treatment of the disorder with a phenylalanine-restricted diet prevents the
profound mental retardation seen universally in untreated individuals.

While most acknowledged the early success of NBS in preventing
the devastating consequences associated with untreated PKU, support
was not universal. As is true in many areas of genetics, technology far
outpaced knowledge about treatment, natural history of the condition,
and psychosocial implications for affected individuals and their families.
Standardized treatment protocols were not in place at the initiation of NBS
for PKU. It was unclear whether or not to treat individuals with variant
forms of PKU and how long individuals should remain on the restricted
diet. As a result, there were a number of negative consequences, including
treatment of unaffected individuals and inadequate dietary restrictions for
at-risk individuals. Regardless, the benefit of early detection in the preven-
tion of significant disability was compelling and support for NBS quickly
spread throughout the United States, later expanding to include other
single gene disorders.

Recently, advances in newborn screening technology have improved
the ability to diagnose single gene disorders with greater sensitiv-
ity and specificity. The majority of conditions screened through this
“expanded” NBS are autosomal recessive, single gene disorders involved
in the metabolism of proteins, fats, or carbohydrates including organic
acidemias, aminoacidopathies, and fatty acid oxidation disorders. Most
affected infants are born to families with no known family history of the
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disorder. Currently, all 50 states and the District of Columbia have indi-
vidual laws surrounding newborn screening; no national policy exists.
Although each condition is, by itself, rare, screening for >20 disorders has
been estimated to identify ~1 case per 2,400 births. At 4 million births in
the United States per year, one would expect ~1,600 affected newborns.
Given the widespread support for expanding newborn screening from the
general public and many segments of the public health community, and
a growing list of disorders amenable to NBS, this number will continue to
increase in the future.

The process of newborn screening is relatively straightforward. A small
sample of blood is obtained from the newborn through a “heel stick” in the
birth hospital prior to discharge, generally 24-48 h after delivery. The sam-
ple is tested and categorized as either “screen negative” or “presumptive
positive” for each disorder in the panel. As the name indicates, these are
screening tests with cutoff values set so as not to miss any true-positive
individuals. As a result, approximately seven in eight infants detected as
“presumptive positive” will be found not to have the condition in question
following definitive testing.

Results are communicated to the family in a variety of ways, rang-
ing from direct contact from the state health department to a phone call
from the child’s pediatrician. Rapid follow-up and confirmation of abnor-
mal results is crucial to the success of the NBS program in reducing
morbidity and mortality for affected infants and in preventing infants
who are false positive from being treated unnecessarily and is best facil-
itated through the child’s medical home. The concept of a medical home
was introduced in an American Academy of Pediatrics Policy Statement
(1992) and later expanded to describe a model for delivering continuous,
accessible, comprehensive, compassionate, coordinated, culturally sensi-
tive, and family-centered care (American Academy of Pediatrics, 2002).
Unfortunately, only 24% of states have a procedure for making sure
that screen-positive infants have a medical home (Kim, Lloyd-Puryear, &
Tonniges, 2003). Without this in place, the ability of state NBS programs to
accurately diagnose and manage infants with potentially life-threatening
genetic conditions is much more difficult. In fact, clinical follow-up has
been identified as the single largest challenge for state NBS programs
(James & Levy, 2006).

How and when families are informed regarding the results of NBS and
the potential implications of an abnormal result has been hotly debated.
In contrast to recommendations from the American Academy of Pediatrics
Task Force (2000), most mothers are provided with educational materi-
als on the disorders to be screened while in the birth hospital, generally
immediately prior to the consenting process, if required, and sample col-
lection (Kim et al., 2003). Despite recommendations from the National
Work Group on Literacy and Health that all health literature be written
at or below a 6th grade reading level, a recent study revealed an aver-
age readability of NBS materials at the 10th grade level (Fant, Clark, &
Kemper, 2005).

Written informed consent is generally not required by law; therefore,
families who face abnormal results are under-informed and ill-equipped
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to cope with this information. This raises concerns for children and their
families who might be among those affected with a genetic disorder (“true
positives”) and influences their ability to adequately process and adapt to
the new diagnosis.

Studies on the impact of NBS on children and their families can be
divided into four main areas: (1) medical and developmental outcome for
the child; (2) psychosocial implications for the parents; (3) psychosocial
implications for the child; and (4) impact on future reproductive decision
making for parents, children, and extended family members. Each area is
reviewed below.

Medical and Developmental Outcome for the Child

The positive impact of early detection by NBS on patient outcomes
has been well documented. A recent study compared the expected num-
ber of children with mental retardation (based upon disease incidence)
with observed numbers. Data was obtained by linking newborn screen-
ing records with special education and developmental disability databases
(Van Naarden Braun et al., 2003). Although limitations in this method are
acknowledged, the authors reported a lower-than-expected frequency of
developmental disabilities secondary to metabolic or endocrine disorders.
This was presented as evidence for the effectiveness of newborn screening
in a given region.

Others have compared the clinical outcome of children with metabolic
or endocrine disorders identified from clinical symptoms with that iden-
tified through newborn screening. Infants identified through newborn
screening had less need for intensive care prior to diagnosis, earlier ini-
tiation of treatment, a decreased number of hospital admissions, and a
reduction in the number of days per hospital admission (Waisbren et al.,
2003).

The impact of newborn screening on developmental outcome of chil-
dren with genetic disorders has also been well documented. Infants
identified through newborn screening had a higher developmental quo-
tient than those identified by the onset of clinical symptoms (Waisbren
et al., 2003). In the study by Waisbern et al. (2003), almost half of the
children diagnosed with an inborn error of metabolism (associated with
cognitive delay when untreated) outside of newborn screening had signif-
icant deficits in communication, motor and social skills, and daily living
skills, whereas none of the children identified through newborn screening
had similar problems. Another study by Weber, Scholl, and Baumgartner
(2004) reported similar encouraging results among children diagnosed
with biotinidase deficiency, a rare metabolic disorder requiring early biotin
supplementation. The study found no cases of hearing or vision loss (com-
mon in untreated biotinidase deficiency), and motor and speech skills
were comparable to those of their peers. Although the study involved
a small number of affected individuals, it does provide support for the
positive developmental impact of newborn screening among infants with
potentially treatable genetic disorders.
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In contrast to the positive implications of NBS in identifying affected
individuals, studies since the inception of NBS have suggested a possible
impact of false-positive results on child’s health outcomes. Researchers
in the late 1960s identified a typical response among parents of chil-
dren with false-positive NBS results, termed the PKU anxiety syndrome
(Rothenberg & Sills, 1968). The “syndrome” is characterized by acute or
chronic anxiety, worry about child’s health status, and uncertainty about
test results. Although initially noted with PKU screening, this has been
extended to encompass other NBS conditions (Rothenberg & Sills, 1968;
Tluczek et al., 1991, 1992). Outside of NBS, the chronic parental anxiety
about an otherwise healthy child has been documented. The “vulnerable
child syndrome” was first described by Green and Solnit (1964). They dis-
covered that children who recovered from a near-death experience in early
childhood were incorrectly seen by parents to be at increased risk for later
illness or accident, leading to overprotection and subsequent child behav-
ior problems. Within the context of NBS, researchers have cited this as
a possible explanation for increased maternal worry about their child’s
future and increased number of hospitalizations during early childhood
among false positives compared with a normal-screened group (Gurian,
Kinnamon, Henry, & Waisbren, 2006; Waisbren et al., 2003). Interestingly,
this phenomenon was not noted among families who were referred to a
metabolic center.

Increased hospitalizations and worry about child’s health status could
not only affect downstream health-care costs but also result in long-term
implications for the child. Research on families with a positive NBS for
congenital hypothyroidism found that 50% of children with false-positive
results continued to show disturbed behavior 4 years after receiving a
normal repeat screen (Fyro & Bodegard, 1987). In addition, increased
maternal stress in early infancy has been associated with elevated cor-
tisol levels in the child and greater mental health symptoms (Essex, Klein,
Cho, & Kalin, 2002). Taken together, this raises significant concerns
about possible iatrogenic effects of NBS on the thousands of children with
false-positive results.

The theory behind potential iatrogenic effects of NBS can be further
explained by the “nocebo” phenomenon, described by Kennedy (1961).
A review by Robert Hahn (1997) defines the nocebo effect as “the cau-
sation of sickness (or death) by expectations of sickness (or death) and
by associated emotional states” (p. 607). Two forms are described: spe-
cific and general. In the former, a person expects one negative outcome
with consequent realization of that expectation. This is less applicable for
NBS; simply thinking that a child has a metabolic disorder will not cause
that to be true. However, the general nocebo effect does have important
public health implications in that negative expectation causes unspecified
adverse health outcomes (e.g., sickness). The ability of negative suggestion
to produce negative health outcomes has long been demonstrated by social
psychologists. It has only recently been applied within the context of NBS
as a possible consequence of false-positive results (Gurian et al., 2006).
Without adequate education about the process of newborn screening
and the meaning of “presumptive positive” results, state programs could
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generate increased parental anxiety leading to actual adverse health
outcomes in otherwise healthy newborns.

Clinically, mothers of children with presumptive positive results, who
are later determined to be unaffected, often continue to worry about their
child’s health status. For example, mothers of infants who are presumptive
positive for galactosemia (a metabolic condition characterized by lack of a
liver enzyme needed to digest galactose, found in milk products) often dis-
continue breastfeeding, long after reassurance by health-care providers of
the child’s unaffected status. Breastfeeding has been associated with long-
term benefits for newborns, including decreased obesity rates and lower
risk for type II diabetes (http://www.cdc.gov/breastfeeding/). In addition,
breastfeeding is an important source of maternal-infant bonding and has
been associated with reduced risk for breast and ovarian cancer among
women (Ip et al., 2007). The downstream health effects of withholding this
nutritional source from a population of otherwise healthy infants are not
known, but potentially significant.

Psychosocial Implications for Family

The birth of a child can be a stressful time for any family. Parents
face the physical strain of childbirth, emotional toll of entering into a new
parenting relationship, and the financial costs of a growing family. This
results in a fragile state, even under the best circumstances. Adding NBS
into the mix threatens the delicate balance parents maintain between joy
over the birth of their child and normal parental fears and anxieties. When
an abnormal NBS is identified, it is not immediately clear whether or not
the child will be a true or a false positive. Often there are no physical
signs or clinical symptoms to predict outcome, leading families to wait
days to weeks with the thought of their newborn having a potentially life-
threatening genetic condition. Given the fact that most conditions are rare
and unfamiliar within the general population, this creates an emotional
roller coaster for the family marked by disbelief, confusion, and fear. On
the other hand, as previously outlined, early diagnosis through NBS can
have many benefits for the family including early access to medical and
support systems, better family functioning, and adaptation to the diagno-
sis. What is less clear is whether or not the benefits for affected children
and their families outweigh the risks for those parents whose child receives
a “false-positive” result.

False positives present a significant challenge to any screening pro-
gram, and newborn screening is no different. As described earlier, the
term refers to an initially out-of-range result, followed by normal result on
subsequent definitive testing. Initially abnormal levels can be due to tran-
sient factors, a variant and less severe form of the disorder, or (in some
cases) carrier status of the disorder. It is usually not the result of labo-
ratory error. Depending upon the case, an abnormal result necessitates
repeat screening or confirmatory testing prior to establishing a diagnosis.
The urgency of repeat screening is somewhat dependent on other factors,
including the age of the child, the presence or absence of symptoms, and
the “degree” of abnormal result (borderline vs. grossly elevated). Similar to



254 TRICIA SEE and CYNTHIA J. TIFFT

prenatal maternal serum screening, the goal of newborn screening is to
maximize the identification of affected individuals, while holding the num-
ber of false positives to an acceptable level. This “acceptable level” varies
by condition and state NBS program. It has been estimated that approxi-
mately 1 in 300 infants receives a false-positive result, roughly equating to
13,000 infants/year in the United States alone, or a false-positive to true-
positive test ratio of 8:1 (Center for Disease Control and Prevention, 2003).
This is a staggering number to consider, given the rapid expansion of NBS
within the past 40 years and the push to further expand state programs
to include additional disorders. Unfortunately, most literature provided to
families on NBS does not stress the possibility of a false-positive result.
Among 46 states surveyed, only 6 (13%) mentioned the possibility of a
false-positive result on NBS materials provided to parents (Fant et al.,
2005). The implications of false-positive results for the family cannot be
ignored and include disrupted parent-infant bonding, increased parental
stress, and altered perception of child’s health status.

For many families, bonding occurs and/or is significantly strength-
ened shortly after delivery. Clinical experience and research within the
field of nursing has shown that adverse events in the neonatal period
can alter and/or disrupt the normal bonding process. Grief over loss of
the “normal” baby and concern about an infant not surviving the neona-
tal period can result in delayed attachment and bonding (Kenner, 2003).
Neonatal intensive care (NICU) nurses are trained to recognize signs of
altered parent-infant bonding, such as not touching or holding the baby,
and intervene accordingly (Franklin, 2006; Kenner, 2003). Given that most
babies with abnormal NBS results are not yet symptomatic, this raises
the question: does the possibility of future illness elicit a similar parental
response?

Shock, anger, fear, blame, confusion, sadness, depression, loneli-
ness, shame, and frustration are among the feelings expressed by parents
whose newborns failed a hearing screen (mandatory part of the NBS pro-
cess in 38 states and District of Colombia) (Yoshinaga-Itano & Abdala de
DeUzcategui, 2001). Such strong emotions experienced within the first
weeks after delivery have the potential to affect early parent-child bond-
ing. This is a difficult and somewhat poorly defined concept to measure.
Instead, a number of research studies have used standardized measures
to examine parental stress following an abnormal NBS result. Increased
parental stress can alter the ability to attend to the child’s needs, conse-
quently disrupting early parent—child relationships (Tluczek et al., 1991,
1992). Pipp-Siegel, Sedey, and Yoshinaga-Itano (2001) measured parental
stress at 6-month intervals among parents of infants with hearing loss.
They found significantly higher scores on the Parental Distress subscale
of the Parental Stress Index (PSI) among mothers of children with hear-
ing loss compared with that of normally hearing children. However, they
also noted that stress levels were lower among mothers whose children
received intervention services and had greater language skills. Children
identified with hearing loss through NBS often receive the benefit of early
intervention services and have greater language skills than do their later-
identified peers. This led the authors to conclude that early identification
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did not lead to increased parental stress and subsequent problems with
bonding when compared with a sample of later-identified children with
hearing loss (Yoshinaga-Itano, 2003; Pipp-Siegel et al., 2001). Similarly,
when comparing mothers of children diagnosed with biochemical genetic
disorders through NBS, the vast majority of which are single gene disor-
ders, with mothers of a group of children identified by clinical symptoms,
Waisbren et al. (2003) found lower levels of parental stress among the
NBS group. Further exploration revealed an association between mater-
nal stress and knowledge about NBS, with greater knowledge correlating
with lower stress. Interestingly, no difference was noted between fathers
of children from the NBS vs. clinically identified group. While both stud-
ies indicated a decrease in stress among mothers of affected children
identified through NBS, the comparison group was a clinically identified
population and did not compare to a group receiving false-positive results.

Waisbren et al. (2003) attempted to address this question by specifi-
cally measuring parental stress in families with false-positive results. They
found a significant increase in stress among mothers (again, not fathers)
in the false-positive group compared with those who received normal NBS
results. Factors associated with a decrease in stress included receiving
results of the repeat NBS in person and referral to a metabolic specialist.
This finding was replicated in a study comparing parents receiving a false-
positive NBS result with parents in a normal-screened group, assessed at
>6 months of age (Gurian et al., 2006). Mothers in the false-positive group
had significantly higher scores on the Difficult Child and Parent-Child
Dysfunction Interaction subscales of the PSI. No significant difference was
identified between fathers in the two groups; however, only 46 fathers par-
ticipated compared with 166 mothers. In a literature review by Hewlett and
Waisbern (2006), eight of nine studies on parental response to newborn
screening noted an association between parental anxiety and/or depres-
sion and need for repeat NBS, regardless of whether or not the repeat
screen was normal. Additionally, differences in parent-child dysfunc-
tion were noted, which might reflect altered parent-infant bonding. How
health-care providers respond to increased parental stress from abnor-
mal NBS is often inadequate relative to families’ needs. Although mothers
clearly have increased stress surrounding abnormal NBS results, in one
study only 50% recalled being told the result of the repeat screen with
22% indicating that they were told “no news is good news” (Gurian et al.,
2006).

Psychosocial Implications for Patients

The important questions raised by NBS are: What are the long-term
psychosocial implications for individuals diagnosed with a genetic disor-
der at birth? Does early diagnosis and “labeling” influence self-concept and
quality of life among children and adolescents? How does the experience
differ from individuals with other chronic health disorders (e.g., type 1 dia-
betes) or children who are diagnosed with a single gene disorder through
more traditional means? Relatively few studies have attempted to answer
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these questions, and results are conflicting with some reporting little dif-
ference in quality of life or psychological outcomes and others reporting
significant behavioral differences.

Bosch et al. (2007) assessed course of life, health-related quality of
life, and sociodemographic outcomes of 32 adults with PKU. Adults, aged
18-30 years, were compared to matched non-PKU adults. No significant
differences were identified on quality-of-life scales, course of life ques-
tionnaire, or percentage employed. The only significant difference was the
percentage who received special education during primary school, noted
to be higher in patients with PKU. With the exception of reduced positive
emotions, Landolt, Nuoffer, Steinmann, and Superti-Furga (2002) have
reported normal adjustment and quality-of-life measures among indi-
viduals with PKU when compared to their siblings. The results, while
encouraging, contrast with other studies reporting difficulties among
adults with PKU in social life and psychosocial issues (Stemerdink et al.,
2000; Hendrikx et al., 1994; Ris et al., 1997). Koscik et al. (2005) compared
the quality of life of children diagnosed with CF through NBS with that of
clinically identified children. Interestingly, the study found no difference
in health-related quality of life among a sample of younger children (age 10
years and older). Limitations to that study included a total sample size of
<40 participants and the absence of a CF-specific, validated quality-of-life
measure.

Weglage et al. (2000) compared individuals with PKU or type I diabetes
with healthy controls and found no difference in outcome measures (1Q,
psychological profile, and externalizing problems) between those with PKU
and those with diabetes, a chronic health condition that involves sim-
ilar lifelong dietary restriction and management. However, both groups
had significantly elevated internalizing problems (e.g., anxiety, depres-
sion, social isolation) compared to healthy controls. This suggests that
the psychological consequences of a subset of single gene disorders (i.e.,
metabolic conditions) may mirror those of other chronic health conditions.
This can provide health-care providers and researchers with a framework
in which to explore emerging psychosocial issues for affected individuals
diagnosed through NBS.

What is lacking from many of the studies on NBS is an exploration
of self-concept among individuals diagnosed with a single gene disor-
der in childhood. One might argue, given the positive benefits of earlier
diagnosis on family functioning and adaptation, that there would be a
greater likelihood for positive self-concept and adjustment among indi-
viduals diagnosed through NBS, mediated by better family and social
support. On the other hand, it is possible that being labeled with a genetic
condition from birth fundamentally alters one’s sense of self and neg-
atively impacts interpersonal interactions and decision making. Future
studies, employing more sensitive measures, are needed to better cap-
ture the experience of individuals diagnosed through NBS. Without this
knowledge, we are largely uninformed about the psychological conse-
quences of a population-wide program to identify single gene disorders in
childhood.
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Implications for Reproductive Decision Making

As previously mentioned, one notable distinction between other
chronic health conditions, such as diabetes, and single gene disorders is
the significance of genetic information for siblings and other at-risk family
members. Most genetic disorders included on NBS panels are autosomal
recessive, meaning parents of an affected infant are obligate carriers and
have a 25% chance with each pregnancy for having another affected child.
Parents who learn of their carrier status following the birth of an affected
infant can then choose to pursue prenatal testing during any subsequent
pregnancy. The potential impact on future reproductive decision making
has been identified as a side benefit to NBS for genetic disorders, but not
as a primary reason for inclusion (Botkin et al., 2006).

Future Challenges

The challenges illustrated by false-positive results represent only
a fraction of those that could be raised herein. Recent technological
advances have greatly expanded the number of conditions available for
screening. Inclusion of some conditions is of clear benefit for patients
and their families and fulfills traditional NBS criteria (Wilson & Jungner,
1968). For example, medium-chain acyl-CoA dehydrogenase (MCAD) defi-
ciency is a relatively common metabolic disorder (1 in 25,000), featuring
the inability to break down medium-chain fats during periods of fasting or
illness, resulting in episodes of severe hypoglycemia causing permanent
brain injury, and is fatal in 30-50% of patients. Avoidance of fasting, par-
ticularly in young infants, and maintenance of normal blood glucose levels
with oral or intravenous glucose during periods of illness largely prevent
such deaths and greatly improve overall prognosis. The medical benefit of
screening for and identifying infants with MCAD in the newborn period is
without question.

For other conditions that respond less consistently to treatment, or
conditions without available treatment, inclusion in the state NBS pro-
gram is much less straightforward. Although some patients respond to
early treatment and intervention, others experience devastating metabolic
crises despite early detection and close monitoring. Is newborn screening
for such conditions justified, given the lack of adequate treatment and
potential false hopes raised for families? Since current NBS techniques
involve screening simultaneously for a large number of metabolites, it is
difficult to include some disorders while excluding others.

Under intense discussion has been the expansion of NBS to include
lysosomal storage disorders (LSDs). Inclusion is of interest to many
health-care providers and families as a result of the recent success of
enzyme replacement therapy (ERT) in improving the length and quality
of life among individuals with Gaucher, Fabry, and Pompe diseases or
mucopolysaccharidosis I, II, or VI. Untreated, these disorders result in
considerable morbidity and mortality. However, arguments surrounding
LSD screening are not clear-cut. There are >40 LSDs with a combined
incidence of 1 in 5,000 in the general population, and the majority of them
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involve progressive central nervous system impairment that is not treated
by ERT. Also, many disorders, such as Pompe disease, have both infan-
tile and late-onset forms. According to epidemiological data, the estimated
ratio of late-onset to infantile cases of Pompe disease identified through
NBS is >2:1 (Kemper, Hwu, Lloyd-Puryear, & Kishnani, 2007). An Italian
study on NBS for Fabry disease identified an 11 to 1 late-onset to classic
infantile phenotype ratio (Spada et al., 2006). Individuals with the infan-
tile form of Pompe disease or classic Fabry disease would greatly benefit
from early detection through NBS and prompt ERT; however, timing and
efficacy in treating the late-onset forms is unclear. Individuals with the
late-onset forms might not show symptoms for decades and the benefit
from early identification is unknown. Moreover, individuals with symp-
tomatic Gaucher disease clearly benefit from therapy; however, at least
half of individuals with Gaucher disease remain asymptomatic through-
out life. NBS for most LSDs would not distinguish between early and
late-onset forms, or potentially symptomatic and asymptomatic individ-
uals. Population-wide screening for LSDs would include pre-symptomatic
testing for adult-onset conditions that is routinely discouraged by clini-
cal practice guidelines. The lack of data on psychosocial implications of
identifying individuals with adult-onset variants through NBS has been
highlighted (Kemper et al., 2007).

Even among those with early onset variants, ERT itself is an expen-
sive, time-consuming, and lifelong treatment. Families without insurance
or adequate coverage may be faced with forgoing life-saving therapy for
their child. If NBS for LSDs is identified as an important public health goal,
are we — as a society — committed to covering treatment costs for affected
individuals? If not, what are the psychosocial implications of early diagno-
sis among families who cannot afford to provide treatment for their child?
How do we counsel and support families whose infant is diagnosed with a
late-onset variant? These are among the questions health-care providers
and the medical care system will be forced to answer in the not-so-distant
future. In fact, NBS for Krabbe disease, a rare and uniformly fatal LSD
affecting the central nervous system, was implemented in New York in
2006, and >260,000 newborns have now been screened. Two newborns,
with a high-risk genotype and low enzyme activity, have been identi-
fied and undergone stem cell transplant with umbilical cord blood, an
effective therapy for pre-symptomatically identified individuals (Caggana,
Saavedra, Wenger, Helton, & Orsini, 2008). One newborn, however, died
as a result of the transplant, a known complication in approximately 10%
of cases (Martin et al., 2006).

NBS also can identify carriers of genetic conditions. Carriers are indi-
viduals who have a mutation on only one copy of a gene but are themselves
unaffected. Testing children for genetic carrier status has been gener-
ally discouraged (ACMG Position Statement, 1995). And yet, NBS for
hemoglobinopathies like sickle cell disease has been estimated to identify
17-100 carriers for every affected infant (Laird et al., 1996). The same risk
for carrier identification applies to NBS for CF, now implemented through-
out much of the United States. This has important consequences not only
for the patient who was unable to consent to testing but also for parents
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who are often unfamiliar with the consequences of being a carrier for a
genetic disorder. For example, one study from the Wisconsin CF NBS pro-
gram found that 15.4% of parents surveyed were not sure whether or not
carrier status would cause illness (Ciske et al., 2001).

Advances in microarray DNA chip technology are pushing the envelope
for NBS even further, allowing for direct mutation analysis of hun-
dreds of genes at once, using a single blood sample. These are generally
“untreatable” conditions, with no available dietary interventions or enzyme
replacement therapies known to improve outcome. Arguments against
testing newborns for hundreds of single gene disorders include the lack of
known treatment protocols and the absence of data supporting a proven
benefit to early diagnosis, as well as the above-listed concerns related
to the identification of carrier status and late-onset conditions. However,
arguments in favor of screening for “untreatable” conditions (e.g., FXS and
DMD) have also been presented and include the benefit of timely early
intervention services or supportive therapies; the avoidance of a costly,
lengthy diagnostic odyssey with attendant risks from invasive procedures
or iatrogenic complications; and increased reproductive knowledge for
families (Ross, 2006). Much of the disagreement about expanded NBS
may be, at its heart, a difference in opinion about the goals of NBS and
our ability to support patients and their families who are impacted by
this technology. In the end, our society must weigh the risks, costs, and
benefits of early diagnosis and management of children with single gene
disorders identified through NBS.

FUTURE DIRECTIONS

It is not a question of whether or not NBS for single gene disorders
will expand in the future; it undoubtedly will. Although some health-care
providers may caution against expanded screening, the general public,
public health, and medical communities continue to express support
(Botkin et al., 2006; Quinlivan & Suriadi, 2006; Skinner et al., 2003). As a
result, private laboratories will be persuaded to offer expanded screening
to families, regardless of concerns voiced by health-care professionals. In
some ways, the future is already here. Pediatrix, a private NBS company,
currently markets testing for a panel of over 50 disorders both to hospi-
tals and directly to parents (http://www.pediatrix.com). How will we meet
the challenges of both timely and effective medical follow-up for identified
newborns in public health screening programs?

An area of discussion surrounds who should be responsible for short-
and long-term follow-up of presumptive positive individuals. Short-term
follow-up refers to ensuring that all infants are adequately screened. This
is generally the responsibility of state health departments and is fairly well
established (although not without its flaws). The larger concern surrounds
long-term follow-up of affected individuals. Who will be responsible for
care and management? Similar to early screening for PKU, little is known
about the natural history and treatment of many metabolic disorders
on the NBS panel. Prior to NBS, most individuals with such conditions
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died in infancy or had significant cognitive and/or physical impairments.
Affected individuals are now living into later adolescence and adulthood,
and questions remain about how best to serve this growing population
and recognize their needs.

Unfortunately, despite advances in human genetics, few changes have
been made in medical school education. Throughout the United States,
medical school programs continue to devote little time to genetics; gener-
ally, the myriad of complex issues related to genetics and genetic testing
is addressed in one or two introductory courses during the first or the
second year. The vast majority of trainees who choose not to specialize
in genetics are then relegated to learning more through elective course-
work or continuing education. The speed at which genetics knowledge
progresses limits the benefit of the apprenticeship model of training, as
more experienced practicing physicians will not likely be up-to-date with
current issues in genetics. Given this model, it is not surprising to find
pediatricians’ knowledge of genetics severely lacking. One study found
that 20% of pediatricians and 50% of family physicians did not feel com-
fortable discussing PKU with families after a positive test result (Kemper,
Uren, Moseley, & Clark, 2006). This is especially alarming given that PKU
has been part of the NBS panel since the 1960s. Clearly, more education
and training are needed before long-term management of individuals with
single gene disorders enters primary care.

Despite their limited genetics training, pediatricians and primary
care providers are increasingly called upon to interpret abnormal NBS
results and counsel families about possible outcomes. Referral to a
medical geneticist for additional evaluation and management is indi-
cated and of proven benefit to the family, but not always possible. In
light of genetics specialist shortages, pediatricians must provide first-
line counseling to anxious parents regarding abnormal screen results,
which could indicate a potentially life-threatening genetic disorder. As
described throughout, this can lead to increased anxiety, altered bond-
ing, and unnecessary worry about child’s health status. Educating pri-
mary health-care providers about NBS and follow-up care is among the
research initiatives outlined by the National Institute of Child Health
and Human Development (Alexander & Hanson, 2006). As part of an
initiative under the Maternal and Child Health Bureau of the Human
Resources and Services Administration, the American College of Medical
Genetics developed ACT sheets for conditions recommended as part of
the uniform NBS panel (2007). According to the ACMG website: “for each
marker(s), there is (1) an ACTion (ACT) sheet that describes the short
term actions a health professional should follow in communicating with
the family and determining the appropriate steps in the follow-up of the
infant that has screened positive, and (2) an algorithm that presents an
overview of the basic steps involved in determining the final diagnosis
in the infant” (http://www.acmg.net/resources/policies/ACT/condition-
analyte-links.html). This is a step in the right direction toward educating
primary care providers about NBS, yet it does not ensure that all fami-
lies will receive appropriate and timely counseling regarding NBS results.
Importantly, it does not encompass information about the psychological
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implications associated with NBS for single gene disorders, which are
important to understand given downstream effects on family functioning
and medical and psychological health of the child.

Early diagnosis of affected individuals through NBS has a number
of proven medical and psychosocial benefits for patients and their fam-
ilies. As has been shown since the 1960s, early detection of treatable
inborn errors of metabolism can effectively reduce morbidity and mor-
tality of patients. Even among conditions that do not meet the established
criteria for NBS, it has been advocated as a means to earlier enrollment
in intervention services and decreased parental anxiety surrounding the
diagnostic odyssey (Bailey, 2004). A long-term negative impact on quality
of life or self-concept for individuals diagnosed through NBS has not been
documented; however, the few available studies are limited.

What are also clear are the potential consequences of false-positive
results on the patient and family. Inadequate patient education and coun-
seling and support of families during this initial crisis period can result
in increased parental anxiety leading to actual negative health and behav-
ioral outcomes for the child. More research is needed to explore what,
if any, affect false-positive results have on parents, especially fathers.
Increased knowledge about NBS, counseling, and referral to a metabolic
specialist and/or a genetic counselor has been associated with a decrease
in parental stress following repeat NBS. However, this is not always feasi-
ble, given time and geographic limitations. One possibility is to more fully
integrate genetics professionals into subspecialty departments, includ-
ing cardiology, endocrinology, and neurology. This could increase referral
to genetics professionals through greater accessibility to providers and
help educate subspecialists about psychosocial implications of diagnos-
ing children with single gene disorders. It is possible that providers with
direct links to a genetics professional who is knowledgeable about their
specific area of medicine will be more likely to refer for additional counsel-
ing and seek information about medical and psychological implications of
genetic testing for single gene disorders. Geographic limitations could be
overcome through video conferencing between remote locations and more
metropolitan medical centers.

Areas of future research include not only natural history studies of
conditions diagnosed through NBS but also studies on the experiences of
families with false-positive and true-positive results, the long-term impact
on child physical and mental well-being, and focused interventions on
parental stress and anxiety related to false-positive results. Discussion
on the various “goals” of NBS as a public health initiative is needed.
There must be a contemporary, agreed upon structure and end points
for NBS, otherwise we place ourselves on a slippery slope. Should NBS
for all known genetic disorders be offered simply because the technol-
ogy is available? Is the possible impact on reproductive decision making
and enrollment in early intervention services or research trials enough to
justify the risk associated with thousands of false-positive or ambiguous
results? Answers to these important questions remain to be seen.

Beyond the context of NBS, expanded exploration of the psychologi-
cal implications of genetic testing for single gene disorders is needed to
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better understand the impact on patients and their families. Specifically,
the role of hope and optimism in adaptation is an interesting area of
future research. In tandem, interventions that increase family function-
ing and support healthy adaptation should be rigorously examined. This
will allow clinicians to translate social and behavioral research find-
ings into interventions to promote improved outcomes for patients and
families.

Ultimately, a balance needs to be struck between the public health
goal of reducing morbidity and mortality among patients with single gene
disorders and avoiding unnecessary psychological risks to families and
the health-care system at large. The questions we need to answer before
this balance can be reached are both numerous and complex. Further dis-
cussion is needed among primary care providers, genetics professionals,
psychologist and scientists, patients, and their families to move this issue
forward in a socially and medically responsible manner.

REFERENCES

Alexander, D., & Hanson, J. W. (2006). NICHD research initiative in newborn screening.
Mental Retardation and Developmental Disabilities Research Reviews, 12, 301-304.

American Academy of Pediatrics Ad Hoc Task Force on Definition of the Medical Home
(1992). The medical home. Pediatrics, 90(5), 774.

American Academy of Pediatrics (2002). American Academy of Pediatrics: Policy state-
ment. Medical home initiatives for children with special needs project advisory
committee: The medical home. Pediatrics, 110(1), 184-186.

American Academy of Pediatrics, Newborn Screening Task Force (2000). Serving the
family from birth to 